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Description 

BACKGROUND OF THE INVENTION 
s Field of The Invention 

[0001] The present invention relates to a niobium-containing aqueous solution for use in produdng a niobium-con- 
taining oxide catalyst More particularly, the present invention is concerned with a niobium-containing aqueous solution 
for use in producing a niobium-containing oxide catalyst, wherein the oxide catalyst is for use in a catalytic oxidation or 

10 ammoxidation of propane or isobutane in the gaseous phase and is prepared by a process comprising mixing the nto- 
biunvcontaining aqueous solution with an aqueous mixture or aqueous mixtures contairdng compounds of active com- 
ponent elements of the oxide catalyst other than niobium, to thereby provide an aqueous compound mixture, and drying 
the aqueous oompound mixture, followed l>y calcination. The niobium-containing aqueous solution of the present inven- 
tion comprises water having dissolved therein a dicartx)xylic add. a niobium compound and optionally ammonia, 

IS wherein the dicartwxylic add and ttie niobium are present in a specific molar ratio, and the optional ammonia, if any. is 
present in a small amount. By the use of the niobium-containing aqueous solution of the present invention, it has 
b come possible to produce eff icientiy an oxide catalyst which, when used in a catalytic oxidation or ammoxidation of 
propane or isobutane in the gaseoi^ phase, exhibits high catalytic activity. Therefore, by the use of the oxide catalyst 
produced by using the niobium-containing aqueous solution of ttie present invention, (metii)acrylic acid or (meth)acry- 

20 lonitrile can be produced in high yield. The present invention is also cortcerned with the oxide catalyst produced by 
using the niobium-oontaintng aqueous solution of the present invention, and the use of the oxide catalyst. 

Prior art 

25 [0002] There has been well loiown a process for producing (meth)acrylic acid by oxidation of propylene or isobutylene 
and a process for producing (meth)acrylonitriie by ammoxidation of propylene or isobutylene. Recently, as substitutes 
for such processes for the oxidation and ammoxidation of propylene or isobutylene. attention has been attracted to a 
process for producing (meth)acryllc acid by catalytic oxidation of propane or isobutane in the gaseous phase (i s., cat- 
alytic reaction of propane or isobutane with molecular oxygen in the gaseous phase) and a process for producing 

30 (meth)acrylonito'ile by catalytic ammoxidation of propane or isobutane in the gaseous phase (i.e.. catalytic reaction of 
propane or isobutane witii ammonia and molecular oxygen in the gaseous phase). Further, a number of proposals have 
been made with respect to catalysts for use in the above-mentioned processes for the catalytic oxidation and catalytic 
arnmoxidation of propane or isobutane in the gaseous phase. 

[0003] For example, as a catalyst for use in the above-mentioned processes for the catalytic oxidation and catalytic 
35 ammoxidation of propane or isobutane in the gaseous phase, oxide catalysts containing molytxJenum. vanadium, nio- 
bium and tellurium are known. Such oxide catalysts are disdosed in U.S. Patent Nos. 5,049,692, 5.231.214 and 
5.422.328, European Patent Publication No. 529 853 B1 and Unexamined Japanese Patent Application Laid-Open 
Specification Nos. 6-227819. 6-279351. 7-10801 , 7-144132, 7-232071, 7-289907. 7-315842. 8-57319 and 8-141401. 
[0004] As further examples of oxide catalysts for use in the above-mentioned processes for the catalytic oxidation and 
40 catalytic ammoxidation of propane or isobutane in the gaseous phase, an oxide catalyst containing tungsten, vanadium, 
tellurium and niobium, is disclosed in Unexamined Japanese Patent Application Laid-Open Specification No. 6-228073: 
oxide catalysts containing molytxienum. vanadium, antimony and niobium, are disclosed in European Patent Publica- 
tion No. 767 164 A1 and Unexamined Japanese Patent Application Laid-Open Specification Nos. 5-213848, 9-316023 
and 10-45664; and an oxide catalyst containing molybdenum, vanadium, bismuth and niobium, is disclosed in US. Pat- 
4$ ent No. 4,760.159. 

[0005] Witii respect to sources of niobium, the above-mentioned patent documents describe the use of Nb205. a nio- 
bic acid (Nb205*nH20), IMb2(C204)5, niobium oxalate, niobium tartrate, ammorium niobium oxEdate, ammonium nio- 
bium tartrate. NbCls. NbQs. Nb(OEt)5. Nb(0-n-Bu)5 and the like. IHowever, heretofore, no study has ever been made 
with respect to the relationship between the composition of the niobium source and the catalytic activity of the niobium- 

50 containing oxide catalyst obtained. 

[0006] For example, the above-mentioned U.S. Patent No. 5.049.692 discloses the use of a niobium compound 
(called "ammonium niobium oxalate") as tiie niobium source; however, cunrentiy. tiie composition of the "ammonium 
niobium oxalate" is not known, and US. Patent No. 5.049.692 has no description about the composition of the "ammo- 
nium niobium oxalate", such as a molar ratio of oxalic acid to niobium. 

55 [0007] The above-mentioned U.S. Patent No. 4.760.159 dsdoses the use of an aqueous sluny of Nt>205; the atx>ve- 
mentioned Unexamined Japanese Patent Application Laid-Open Specification No. 9-316023 discloses the use of a 
solution of a niobic add in a mixture of water and oxalic acid, wherein a large amount of oxalic add is used (molar ratio 
of the oxalic ackj to the niobium in the niobic acid: alx>ut 6.0 to 8.5); and the abov -mentioned Unexamined Japanese 
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Patent Application LaidOpen Specification No. 6-227819 discloses the use of a solution obtained by dissolving Nb(0- 
n-Bu)5 in 1 ,4-butanediol. However, none of these patent documents describes the composition of the niobium source 
and the relationship between the composition of th niobium source and the catalytic activity of the obtained oxide cat- 
alyst 

5 [0008] The atxjve-menttoned Unexamined Japanese Patent Application Laid-Open Specification No. 7-315842 
teaches that niobium compounds, such as niobium oxalate, niobium tartrate, ammonium niobium oxalate and ammo* 
nium niobium tartrate, have high solubilities in water as well as in aqueous solvents containing alcohols, organic acids 
or inorganic acids, so that these niobium compounds can be handled with ease; however, this patent document also 
has no description akxjut the composition [such as a molar ratio of oxalic acid to niobium) of each off the above-men- 

10 tioned niobium compounds and the relationship between the composition of the niobium compound and the catalytic 
activity of the obtained oxide catalyst. 

[0009] The conventional oxide catalysts produced using the above-mentioned corrventional niobium sources do not 
have satisfactory catalytic activities. Therefore, by the use off such conventional oxide catalysts. It is impossible to pro- 
duce (meth)acrylic acid or (meth)acrylonitrile in high yield. Particularly, when the above-mentioned oxidation or ammo- 
15 xidation is performed in a fluidized bed reactor using a carrier-supported catalyst comprising any of the above- 
mentioned ci^entional oxide catalysts, ttie carrier is likely to adversely affect the reaction, thereby leading to a lower- 
ing of the yield of (meth)acrylic acid or (meth)acrylonitrile. 

[0010] Further, the above-mentioned Unexamined Japanese Patent Application Laid-Open Specification No. 7- 
315842 teaches that a compound oxide catalyst (containing niobium) having high catalytic activity can be obtained by 

20 a mettiod comprising: (1) mixing a niobium-containing aqueous solution with an aqueous solution containing com- 
pounds of active component elements of the oxide catalyst other than niobium to thereby obtain an aqueous compound 
solution; (2) removing the aqueous solvent from the aqueous compound solution by, for example, spray drying or freeze 
drying before the precipitation of the insoWe natters occurs, to thereby obtain a solid catalyst precursor; and (3) cal- 
cining the otJtained solid catalyst precursor. However, there are only 10 minutes between the mixing in step (1) above 

2*5 and the occun^ence of the precipitation. Therefore, the technique of this patent document is difficult to practice on a 
commercial scale. 

[0011] Therefore, it has strongly been desired to develop an oxide catalyst which not only can be advantageously 
used for producing (meth)acrylic acid or (meth)acrylonitrile in high yield, but also can be effidentiy produced on a com- 
mercial scale. 

30 

SUMMARY OF THE INVENTION 

[0012] In this situation, the present inventors have made extensive and intensive studies witii a view toward solving 
the above-mentioned problems acconrpanying the conventional niobium-containing oxide catalyst and developing a 

35 niobium-containing catalyst which not only can be advantageously used for producing (metii)acrylic acid or (metii)acry- 
lonitrile in high yield, but also can be effficientiy produced on a commercial scale. As a result, it has unexpectedly been 
found that, when a niobium-containing aqueous solution having a specific composition is used for producing an oxide 
catalyst comprising an oxide of a plurality of active component elements including niobium (wherein the production of 
the oxide catalyst is generally performed by a process oonprising mixing a niobium-containing aqueous solution with 

40 an aqueous mixture or aqueous mixtures containing compounds of active component elements of the oxide catalyst 
other than niobium, to thereby provide an aqueous compound mixture, and drying the obtained aqueous compourKi 
mixture, followed by calcination), it becomes possible to produce effficientiy an oxide catalyst which exhibits high cata- 
lytic activity, so that it can be advantageously used for producing (meth)acrylic acid or (metii)acrylonitrile in high yield. 
The above-mentioned niobium-containing aqueous solution having a specific composition comprises water having dls- 

45 solved ttierein a dicarboxylic add. a niobium compound and optionally ammonia, wherein the molar ratio (a) of tiie 
dicarboxylic acid to the niobium contained in the niobium compound satisfies the following relationship: 1 ^ (a) s 4. and 
the mdar ratio (p) of the ammonia to the niobium contained in the niobium compound satisfies the following relation- 
ship: 0 s (p) s 2, The present invention has been made, based on this novel finding. 

[0013] Accordingly, it is a primary object of the present invention to provide a niobium-containing aqueous sdution 
50 which, when used as a niobium source in the production of a niobium-containing oxide catalyst, enables the efficient 
production of a niobium-containing oxide catalyst which can be advantageously used for producing (metii)acrylic add 
or (metii)acry1onitrile in high yield. 

[0014] It is another object of the present invention to provide an oxide catalyst which not only can be effidentiy pro- 
duced by using the above-mentioned niobium-containing aqueous solution, but also can be advantageously used for 
55 producing (meth)acrylic acid or (meth)acrylonitrile In high yield. 

[0015] The foregoing and other objects, features and advantages of the present invention will be apparent to those 
skilled in the art from the following detailed description and appended daims. 
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DETAILED DESCRIPTION O F THE INVENTION 

[0016] In one aspect of the present invention, there is provided a niobium-containing aqueous solution for use in pro- 
ducing a niobium-containing oxide catalyst. 

wherein the niobium-containing oxide catalyst comprises an oxide of a plurality of active component elements 
Including niobium and is for use in a catalytic oxidation or amnroxidaf on of propane or isobutane in the gaseous phase, 
and wherein the niobium-containing oxide catalyst is prepared by a process comprising mixing the niobium-containing 
aqueous solution with an aqueous mixture or aqueous mixtures containing compounds of active component elements 
of the oxide catalyst other than niobium, to thereby provide an aqueous compound mixture, and drying the aqueous 
compound mixture, followed by calcination, 

the niobium-containing aqueous solution comprising water having dissolved therein a dicartxsxytic acid, a nio- 
bium compound and optionally ammonia, wherein the molar ratio (a) of the dicart)oxylic acid to the niobium contained 
in the niobium cornpound satisfies the following relationship: 1 s (a) s 4. and the molar ratio (P) of the ammonia to the 
niobium contained in the niobium compound satisfies the following relationship: 0 s (p) s 2. 

[0017] In another aspect of the present Invention, there is provided an oxide catalyst for use in a catalytic oxidation or 
ammoxidation of propane or isobutane in the gaseous phase, comprising an oxide of a plurality of active component 
elements including niobium, 

wherein the niobium-containing oxide catalyst is prepared by a process comprising mixing a niobium-containing 
aqueous solution with an aqueous mixture or aqueous mixtures containing compounds of active component elements 
of the oxide catalyst other than niobium, to thereby provide an aqueous compound mixture, and drying the aqueous 
compound mixture, followed by calcination, 

the niobium-containing aqueous solution comprising water having dissolved therein a dicartDcxylic acid, a nio- 
bium compound and optionally ammonia, wherein the molar ratio (a) of the dicarboxylic acid to the niobium contained 
in the niobium compound satisfies the following relationship: 1 s (a) s 4. and the molar ratio (P) of the ammonia to the 
niobium contained in the niobium compound satisfies the following relationship: 0 s (p) s 2. 

[0018] For easy understanding of the present invention, tine essential features and various entediments of ttie 
present invention » enumerated below. 

1 . A niobium-containing aqueous solution for use in producing a niobium-corrtaining oxide catalyst. 

wherein the niobium-corrtaining oxide catalyst comprises an oxide of a plurality of active component ele- 
ments including niobium and is for use in a catalytic oxidation or ammoxidation of propane or isobutane in the gas- 
eous phase, and wherein the niobium-containing oxide catalyst is prepared by a process comprising mixing the 
niobium-containing aqueous solution writh an aqueous mixture or aqueous mixtures containing compounds of 
active conponent elements of the oxide catalyst otiier than niobium, to thereby provide an aqueous compound mix- 
ture, and drying the aqueous compound mixture, followed by calcination, 

the nfobium-containing aqueous solution comprising water having dissolved therein a dicartDoxylic add. a 
niobium compound and optionally ammonia, wherein the molar ratio (a) of tfie dicartx)xylic acid to the niobium con- 
tained in the niobium compound satisfies tiie following relationship: 1 s (a) s 4, and the molar ratio (p) of the ammo- 
nia to the niobium contained in the niobium compound satisfies the following relationshq): 0 s (p) s 2. 

2. The niobium-containing aqueous solution according to item 1 , wherein tiie molar ratio (a) of the dicarboxylic acid 
to ttie niobium contained in tiie niobium compound satisfies the following relationship: 2 ^ (a) ^ 4, and tiie molar 
ratio (P) of the ammonia to the niobium contained in the niobium compound satisfies tiie following relationshio: 0 s 

3. The niobium-containing aqueous solution according to item 1 or 2. wherein tiie active component elements of 
the niobium-containing oxide catalyst are niobium, molybdenum, vanadium, and at least one element selected from 
the group consisting of tellurium and antimony. 

4. The niobium-containing aqueous solution according to any one of items 1 to 3. which is prepared t>y a process 
oorrprising: 

(i) mixing water, a dicarboxylic acid and a niobium compound to tiiereby obtain a preliminary niobium-contain- 
ing aqueous solution or a niobium-containing aqueous semisolution having suspended therein a part of tiie 
niobium compound; 

(li) cooling the preliminary niobium-containing aqueous solution or niobium-containing aqueous semisolution 
to tiiereby precipitate a part of the dicarboxylic acid; and 

(iii) removing the precipitated dicartxixylic acid from the preliminary niobium-containing aqueous solution, or 
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removing the precipitated dicartx)xylic add and the suspended niobium compound from the niobium-contain- 
ing aqueous semlsolution, 

thereby obtaining a niobium-containing aqueous solution. 

5. The niobium-containing aqueous solution according to any one of items 1 to 3, which is prepared by a process 
comprising: 

(i) mixing water, a dicartx>xylic acid and a niobium compound to thereby obtain a niobium-containing aqueous 
semisolution having suspended therein a part of the niobium compound; and 

(ii) removing the suspended niobium compound from the niobium-containing aqueous semisolution, 

thereby obtaining a niobium-containing aqueous solution. 

6. The niobium-containing aqueous solution according to any one of Kems 1 to 3, which is prepared by a process 
comprising: 

(j) adding a niobium compound to an aqueous addic solution to thereby obtain a niobium-containing aqueous 
acidic semisolution having suspended therein a part of the niobium compound; 

(ii) removing the suspended niobium compound from the niobium-containing aqueous addic semisolution to 
thereby obtain a niobium-containing aqueous acidic solution: 

Oil) adding a basic compound to the niobium-containing aqueous acidic solution to precipitate the nidbium in 

the form of a niobic acid; 

Ov) recovering the precipitated niobic acid; and 

(v) dissolving the niobic acid in a mixture of water and a dicartx)xyiic acKl, 
thereby obtaining a niobium-containing aqueous solution. 

7. The niobium-containing aqueous solution according to any one of items 1 to 3. which is prepared by a process 
comprteing: 

(i) adding a niobium compound to an aqueous basic solution to thereby obtain a niobium-containing aqueous 
basic semisolution having suspended therein a part of the niobium compound; 

(ii) removing the suspended niobium conpound from the niobium-containing aqueous basic semisolution to 
thereby ot}tain a niobium-containing aqueous basic solution; 

(iiO adding an acidic compound to the niot)ium-containing aqueous basic solution to precipitate the niobium in 
tfie fbrm of a niobic acid; 

(iv) recovering the precipitated niobic acid; and 

(v) dissolving the niobic acid in a mixture of water and a dicarboxylic acid, 

thereby otjtaining a niobium-containing aqueous solution. 

8. The niobium-containing aqueous solution according to any one of items 4 to 7, wherein the niobium compound 
is at least one compound selected from the group consisting of a niobic acid and niobium hydrogenoxalate, and the 
dicartxsxylic acid is oxalic acid. 

9. A niobium-containing oxide catalyst for use in a catalytic oxidation or ammoxidation of propane or isobutane in 
the gaseous phase, comprising an oxide of a plurality of active component elements induding niobium, 

wherein the niobium-containing oxide catalyst is prepared by a process comprising mixing a niobium-con- 
taining aqueous solution with an aqueous mixture or aqueous mixtures containing confounds of active conponent 
elements of the oxide catalyst other than niobium, to thereby provide an aqueous conpound mixture, and drying 
the aqueous compound mixture, followed by caldnation. 

the niobium-containing aqueous solution comprising water having dissolved therein a dicarboxylic acid, a 
niobium compound and optionally ammonia, wherein the molar ratio (a) of the dicartjoxylic add to the niobium con- 
tained in the niobium compound satisfies the following relationship: 1 s (a) s 4, and the molar ratio O) of the ammo- 
nia to the niobium contained in the niobium conpound satisfies the following relationship: 0 s (p) £ 2. 

10. The oxide catalyst according to item 9, wherein the active component elements are niobium, molybdenum, 
vanadium, and at least one element selected from the group consisting of tellurium and antimony. 

11. The oxide catalyst according to item 9 or 10, which further comprises a silica carrier having supported thereon 
the oxide of a plurality of active conponent elements, wherein the silica carrier is present in an amount of from 20 
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to 70 % by weight based on the total weight of the oxide and the silica carrier. 

12. A process for producing a niobium-containing oxide catalyst for use in a catalytic oxidation or ammoxidation of 
propane or isobutane in the gaseous phase, 

wherein the niobium-containing oxide catalyst comprises an oxide of a plurality of active conponent ele- 
merits including niobium. 

the process comprising mixing a niobium-containing aqueous solution with an aqueous mixture or aqueous 
mixtures containing compounds of active component elements of the oxide catalyst other than niobium, to thereby 
provide an aqueous compound mixture, and drying the aqueous compound mixture, followed by calcination, 

the nic^iunvcontaining aqueous solution comprising water having dissolved therein a dicartxsxylic acid, a 
niobium compound and optionally amrrxjnla, wherein the molar ratio (a) of the dicart)oxylic add to the niobium con- 
tained in the niobium compound satisfies the following relationship: 1 £ (a) s 4, and the molar ratio (P) of the ammo- 
nia to the niobium contained in the niobium compound satisfies the following relationship: 0 s (p) s 2. 

13. The process according to item 12, wherein the active component elements are niot^ium, molytx:lenum, vana- 
dium, and at least one element selected from the group consisting of tellurium and antimony. 

14. The process according to item 12 or 13, wherein the aqueous compound mixture is provided so as to further 
contain a silica sol in an amount such that the oxide catalyst further comprises a silica carrier in an amount of from 
20 to 70 % by weight, based on the total amount of the oxide and the silica canier, the silica can-ier having sup- 
ported thereon the oxide of a plurality of active component elements. 

1 5. A process for producing acrylic acid or methacrylic add from propane or isobutane by oxidation in the gaseous 
phase, comprising: 

providing a niobium-containing oxide catalyst comprising an oxide of a plurality of active component elements 
induding niobium, wherein the niot>ium-oontaining oxide catalyst is prepared by a process comprising mixing 
a niobium-containing aqueous solution with an aqueous mixture or aqueous mixtures containing compounds 
of active component elements of the oxide catalyst other than niobium, to thereby provide an aqueous com- 
pound mixture, and drying the aqueous compound mixture, followed by calcination, 

the niofcMum-containIng aqueous solution comprising water having dissolved therein a dicart>oxylic acid, a nio- 
bium compound and optionally ammonia, wherein the molar ratio (a) of the cficarkxxxylic add to the niobium 
contained in the niobium compound satisfies the following relationship: 1 s (a) s 4, and the molar ratio (p) of 
the ammonia to the niobium contained in the niobium compound satisfies the following relationship: 0 ^ (p) s 
2; and 

reacting propane or isobutane with molecular oxygen in the gaseous phase in the presence of the niobium- 
containing oxide catalyst 

1 6. The process according to item 15. wherein the active component elements of the niobium-containing oxide cat- 
alyst are niobium, molybdenum, vanadium, and at least one element selected from the group consisting of tellurium 
and antimony 

1 7. The process according to Item 1 5 or 1 6, wherein the niobium-containing oxide catalyst further corrprises a sil- 
ica carrier having supported thereon the oxide of a plurality of active component elements, wherein the silica carrier 
is present in an amount of from 20 to 70 % by weight, based on the total weight of the oxide and the silica earner. 

18. A process for producing acrylonitrlle or methacrylonitrile from propane or isokxjtane by ammoxidation in the 
gaseous phase, comprising: 

providing a niobium-containing oxide catalyst comprising an oxide of a plurality of active component elements 
induding niobium, wherein the nioblum-contalning oxide catalyst is prepared by a process comprising mixing 
a niobium-containing aqueous solution with an aqueous mixture or aqueous mixtures containing compounds 
of active component elements of the oxide catalyst other than niobium, to theretiy provide an aqueous com- 
pound mixture, and drying the aqueous compound mixture, followed by calcination, 

the niobium-containing aqueous solution comprising water having dissolved therein a dlcartx>xyllc acid, a nio- 
bium compound and optionally ammonia, wherein the molar ratio (a) of the dicarboxylic acid to the niobium 
contained in the niobium compound satisfies the following relationship: 1 s (a) s 4, and the molar ratio (P) of 
the ammonia to the niobium contained in the niobium compound satisfies the following retationsfvp: 0 s (P) s 
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2: and 

reacting propane or isobutane with ammonia and molecular oxygen in the gaseous phase in the presence of 
the niobium-containing oxide catalyst. 

5 1 9. The process according to item 18. wherein the active component elements of the niobium-containing oxide cat- 

alyst are niobium, motytxlenum. vanadium, and at least one element selected from the group consisting of tellurium 
and antimony. 

20. The process according to item 18 or19, wherein the niobium-containing oxide catalyst further comprises a sll- 
10 ica carrier having supported thereon the oxide of a plurality of active component elements, wherein the silica carrier 
is present in an amount of from 20 to 70 % by weight, based on the total weight of the oxide and the silica canier. 

[GDI 9] Hereinbelow. the present invention will be described in more detail. 

[0020] In one aspect of the present invention, there is provided a niobium-containing aqueous solution for use in pro- 
16 ducing a niobium-containing oxkle catalyst, comprising water having dissolved therein a dicarboxylic acid, a niobium 
compound arKi optionally ammonia, wherein the molar ratio (a) of the dicartx}xylic acid to tiie niobium contained in the 
niobium compound satisfies the following relationship: 1 s (a) s 4. and tiie molar ratio (P) of the ammonia to the niobium 
contained in the niobium compound satisfies tiie following relationship: 0 s (p) s 2. 

[0021] The niobium-containing acfueous solution of tiie present invention can be advantageously used in producing 
20 a niobium-containing oxide catalyst, wherein the oxide catalyst comprises an oxide of a plurality of active component 
elements including niobium and is for use in a catalytic oxidation or ammoxidation of propane or isobutane in the gas- 
eous phase, and wherein the niobium-containing oxide catalyst is prepared by a process conprising mixing tfie nio- 
bium-containing aqueous solution with an aqueous mixture or aqueous mixtures containing compounds of active 
component elements of the oxide catalyst otiier than niobium, to thereby provide an aqueous conrpound mixture, and 
25 drying the aqueous compound mixture, followed t>y calcination. The catalyst produced by using the niobium-containing 
aqueous solution of the present invention exhibits high catalytic activity, so that it can be advantageously used for pro- 
ducing (metti)acrylic add or (meth)acrylonitrile in high yield. 

[0022] Examples of dicartxixylic acids used In the niobium-containing aqueous solution of the present invention 
include oxalic acid, tartaric add, malonic add, suodnic add and phthalic acid. Of these, oxalic acid is preferred. The 

30 oxalic acid is generally available in the form of oxalic acid dihydrate or oxalic add anhydride. 

[0023] Examples of niobium compounds used in the niobium-containing aqueous solution of the present invention 
include a niobic acid, niobium hydrogenoxalate and oxotrioxalatoammoniumniobate {(NH4)3[NbO(C204)3] • 1 .5H2O}. 
Of these, a niobic acid and niobium hydrogenoxalate are preferred. The niobic add is a f^rated conpound repre- 
sented by the fbllowfng formula: fMb205 • nH20, which is also known as "niobium hydroxide" or "niobium oxide hydrate". 

35 [0024] In the niobium-containing aqueous solution of the present invention, the molar ratio (a) of tiie dicartx)xylic acid 
to the niobium contained in tiie niobium compourKi satisfies the relationship: 1 s (a) s 4, preferably 2 s (a) s 4. more 
preferably 2 s (a) s 3.5. When the dicartjoxylic add/niobium molar ratio (a) of the niobium-containing aqueous solution 
is outside the above-mentioned range, a problem is caused such that an oxide catalyst prepared using the niobium-con- 
taining aqueous solution has disadvantageously low catalytic activity. 

40 [0025] In the present invention, It is preferred that the concentration of the niobium compound (in terms of tiie niobium 
atom) in the niobium-containing aqueous solution is In the range of from 0.2 to 0.8 mol/kg of the niobium-containing 
aqueous solution. 

[0026] The niobium-containing aqueous solution of the present invention may optionally contain ammonia [wherein 
the ammonia may be present either in the form of ammonia (NH3) or in the fomri of an ammonium ion (NH4*)]; however. 
45 it is necessary that the molar ratio (p) of the ammonia to the niobium contained in the niobium compound be 2 or less, 
ft is preferred tiiat the molar ratio (P) is 1 or less. When the ammonia/niobium molar ratio (p) of the niobium-containing 
aqueous solution is more tiian 2. a prot)lem is caused such that an oxide catalyst prepared using the niobium-contain- 
ing aqueous solution has disadvantageously low catalytic activity. 

[0027] When a niobium compound capat)le of generating ammonium ions, such as tiie above-mentioned oxotrioxala- 
50 toammoniumniobate, is used to produce the niobium-containing aqueous solution of the present invention, the resultant 
aqueous solution inevitably contains ammonia. In this case, it is necessary that the ammonia content of the niobium- 
containing aqueous solution be controlled by using a niobium compound incapable of generating ammonium ions in 
combination with the niobium compound capable of generating ammonium ions, so that the ammonia/rriobium molar 
ratio (P) of the niobium-containing aqueous solution becomes 2 or less. 
55 [0028] In the present invention, for obtaining a niobium-containing aqueous solution which can be advantageously 
used for produdng an oxide catalyst having high catalytic activity, it is preferred that the niobium-containing aqueous 
solution contains no niobium compound undissolved and suspended therein. When the niobium-containing aqueous 
solution of the present invention contains suspended partides of niobium compound, a disadvantage is likely to be 
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caused such that the catalytic activity of an oxide catalyst produced using the niobium-containing aqueous solution 
becomes low©-. Therefore, even if the niobium-containing aqueous solution of the present invention contains sus- 
pended particles of niobium compound, it is preferred that the amount of the suspended particles of niobium conpound 
is as small as possible. Specifically, the amount of the suspended particles of niobium compound is preferably 2 % or 
I ss. more preferably 1 % or less, most preferably 0.5 % or less, in terms of the weight ratio (%) of the suspended nio- 
bium compoufKl to the total of the dissolved niobium compound arxi the suspended niobium conpound. 
[0029] The weight of the suspended particles of nioWum compound can be determined by. for example, the following 
method. A predetermined amount of the niobium*containing aqueous solution is subjected to a suction filtration using 
afilter paper (such as. "No. 101 (135 mmi quantity 100" manufactured and sold by T0>O ROSHI KAISHA Ud.. Japan), 
to thereby obtain a filtration residue. The ofcrtained residue is dried overnight at 95 **C. and calcined at 850 *»C for 2 
hours, to ttiereby isolate the niobium conpound in the form of niobium oxide, and the weight of the obtained niobium 
oxide is measured. 

[0030] The total weight of the dissolved niobium compound and the suspended niobium conpound can be deter- 
mined by, for example, the fbllowng method. A predetermined amount of the niobium-containing aqueous solution is 
added to a crucible and dried overnight at 95 •C. followed by calcination at 850 for 2 hours, to thereby obtain the 
niobium compound in the form of niobium oxkle. and the weight of the obtained niobium oxide is measured. 
[0031 ] The method for producing the niobium-containing aqueous solution of the present invention is explained here- 
inbelow. 

[0032] In the production of the niobium-containing aqueous solution of the present invention, when a niobium com- 
pound having high solubility as defined below is used, the niobium-containing aqueous solution of the present invention 
can be obtained simply by mixing water, a dicartx)xylic acid and a niobium-containing conpound while stirring, wherein 
the molar ratio of the dicartx>xylic acid to the niotwum contained in the niobium conpound is adjusted so as to be in the 
range of from 1 to 4. The above-mentioned niobium compound having high solubility is defined as a niobium compound 
which can be completely dissolved in an aqueous solution of dicarboxylic acid when water, a dicartKoylic acid and a 
niobium compound are mixed, while stin-ing. under the following conditions: 

(1) The temperature of mixing is from 50 to 1 00 ^'C; 

(2) The molar ratio of the dicarboxyfic add to the niobium contained in the niobium conpound is in the range of from 
1 to 4; and 

(3) The niobium concertration of the mixture of water, the dicartxsxylic add and the niobium compound is in the 
range of from 0.2 to 0.8 mol/kg of tiie mixture. 

[0033] However, most of commercially available niobium compounds cannot be completely dissolved in tiie aqueous 
solution of dicartx)xyllc acid under the above-mentioned conditions (1 ) to (3) (such niobium compounds are, hereinafter, 
refen-ed to sinply as "niobium compounds having low solubility"). In addition, with respect to commercially available nlo- 
bic acid products, even in the case of the same type of niobic acid, different lots of niobic add products have different 
solubilities in the aqueous solution of dicartx>xylic acid. 

[0034] When such a niobium conpound having low solubility is employed to otstain ttie niobium-containing aqueous 
solution of the present invention, it is possible that a pari of the niobium compound remains undissolved in tiie aqueous 
solution of dicarboxylic acid. However, even when such a niobium compound having low solubility is enployed. the nio- 
biunvcorrtaining aqueous solution of the present invention can toe easily prepared in accordance with any one of the 
below-described four methods (A) to (D). Hereinbelow, detailed explanation is made with respect to a preferred embod- 
iment of each of methods (A) to (O). 

Method (A) (cooling metiiod): 

[0035] This method (cooling method) comprises the steps of: 

(i) mixing water, a dicartKoylic acid and a niobium compound to thereby obtain a preliminary niobium-containing 
aqueous solution or a niobium-containing aqueous semisolution having suspended therein a part of the niobium 
conpound; 

(ii) cooling tiie preliminary niobium-containing aqueous solution or niobium-containing aqueous semisolution to 
thereby precipitate a part of the dicartxsxylic add; and 

(iii) removing tiie precipitated dicarboxylic add from the preliminary niobium-containing aqueous solution, or 
removing the precipitated dicartx)xylic acid and the suspended niobium compound from the niobium-containing 
aqueous semisolution. 

thereby dt>taining a niobium-containing aqueous solution. 



8 



EP0895 809A1 



[0036] In step (0 of method (A) (cooUng method), water, a dicarboxyfic add and a niobium corrpound are mixed 
togetho- to obtain a preliminary niobium-containing aqueous solution or a niobium-containing aqueous semisdution 
(the term "semisolution" means a certain form of the mixture of water, a dicartx)xylic acid and a niobium compound, in 
which most of the niobium compound molecules are dissolved but a small amount of the niobium compound molecuies 
remains undissolved). 

[0037] With respect to the dicarboxylic ackJ used in method (A), oxalic acid is prefen-ed. 

[0038] With respect to the niobium compound used In method (A), a niobic acid and niobium hydrogenoxalate are 
preferred. These niobium compounds can be used individually or in combination. 

[0039] For example, step (0 of method (A) can be performed by dissolving a dicart>oxylic acid (such as oxalic add) in 
water to thereby obtain an aqueous solution of dicarboxylic acid, and then mixing a niobium compound (such as a niobic 
acid or niobium hydrogen-oxalate) with the aqueous solution of dicartxacylic add at about 50*^ to about 100 **C so that 
the [dicart)oxylic acid/Nb] molar ratio is preferably in the range of from 0.5 to 1 0, more preferably from 3 to 8. When the 
[dicarboxylic acid/Nb] molar ratio is more than 10, a large amount of the niobium compound can be dissolved in the 
aqueous solution of dicartxjxylic acid; however, a disadvantage is likely to arise in ttiat the amount of the dicarboxylic 
acid which is caused to precipitate by the cooling in the below-described step (ii) becomes too large, thus decreasing 
the utilization of the dicarboxylic acid. On the other hand, when the [dicartjoxylic add/Nb] molar ratio is less than 0.5. a 
disadvantage is likely to arise in that a large amount of the niobium compound remains undissolved and is suspended 
in the aqueous solution of dicarboxylic add to form a semisolution, wherein the suspended niobium conpound is 
removed from the semisolution in the below-described step (iii). thus decreasing the degree of utilization of the niobium 
compound. 

[0040] Step (I) of method (A) can also be performed by dissolving niobium hydrogenoxalate in water to thereby obtain 

a preliminary niobium-containing aqueous solution or a niobium-containing aqueous semisolution. 

[0041] The niobium concentration of the preliminary aqueous solution or aqueous semisolution obtained by step (i) 

of method (A) is preferably selected wittiin the range of from 0.2 to 0.8 mol/kg of ttie solution or semisolution. 

[0042] In step (ii) of metiiod (A), the aqueous solution or aqueous semisolution obtained by step (0 above is cooled 

to ttiereby precipitate a part of tiie dicai1x)xylic add. 

[0043] The cooling method is not particularly limited. The cooling can be performed simply, for exanple, by means of 
ice. specifically by a method in which a vessel containing the solution or semisolution is placed on ice and allowed to 
cool, while stirring. By means of such cooling, a part of the dicartwxylic acid is precipitated. 

[0044] In step (iii) of method (A), ttie precipitated dicartjoxylic add is removed from the preliminary niobium-containing 
aqueous solution, or tiie predpitated dicarboxylic add and ttie suspended niobium compound are removed from the 
niobium-containing aqueous semisolution, to thereby obtain a niobium-containing aqueous solution. 
[0045] The removal operation in step (iii) can be performed by a conventional method, for example, by decantation or 
filtration. The obtained niobium-containing aqueous solution can be stored at room temperature. 
[0046] In tiie niobium-containing aqueous solution obtained by metiiod (A) above, tiie molar ratio (a) of tfie dicarbo- 
xylic acid to the niobium contained in the niobium conpound satisfies the relationship: 2 ^ (a) ^ 4. 
[0047] In the present invention, the molar ratio (a) in ttie obtained niobium-containing aqueous solution is determined 
as follows. First, the niobium concentration of the niobium-containing aqueous solution is determined as follows. A sam- 
ple having a predetermined weight is taken from the niobium-containing aqueous solution and subjected to drying, 
thereby obtaining a dried niobium compound. The obtained niobium conpound is calcined at 500" to 1.000 for 30 
minutes or more in an atmosphere of air, to tiiereby obtain niobium oxide (Nb20s). and the obtained niobium oxide is 
subjected to gravimetric analysis, ttiereby determining the molar amount of niobium in the original niobium-containing 
aqueous solution. Next, the concentration of the dicarboxylic acid in the niobium-contalning aqueous solution is deter- 
mined by a conventional metiiod. For exanple, when oxalic acid is used as the dicarboxylic add. ttie oxalic add con- 
centration of ttie niobium-containing aqueous solution can be determined by permanganate titration. Based on the 
obtained dicartx)xylic add concentration, the molar amount of ttie dicartxwylic add in the niobium-containing aqueous 
solution is determined. The molar ratio (a) is determined from tiie ttius obtained molar amounts of the niobium and 
dicartx^xyiic acid in the niobium-containing aqueous solution. 

[0048] It is preferred ttiat ttie molar ratio (a) satisfies the relationship: 2^{a)^ 3.5. If desired, a dicart>oxylic acid or 
a niobium conpound may be added to ttie niobium-containing aqueous solution so ttiat ttie molar ratio (a) falls wittiin 
the above prefen-ed range. As a supplementary niobium compound to be added for adjusting the molar ratio (a), it is 
preferable to use a niobic add which has high solubility in an aqueous solution of dicarboxylic acid. As examples of such 
a highly soluble niobic acid, there can be mentioned a niobic acid obtained by step (iv) of ttie below-described method 
(C) and a niobic acid obtained by step (iv) of ttie below-described mettiod (D). 

Method (B) (insolutrfe Nb conpound removal metiiod): 

[0049] This method Onsoluble Nb conpound removal method) comprises the steps of: 
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(I) mixing water, a dicarboxylic ackl and a niobium compound to thereby obtain a niobium-containing aqueous sem- 
isolution having suspended therein a part of the niobium compound: and 

(ii) removing the suspended niobium compound from the niobium-containing aqueous semisolution, 
thereby obtaining a niobium-containing aqueous solution. 

5 

10050] In step (i) off method (B), water, a dicartx>xytic acid and a niobium compound are mixed together to obtain a 
niobium*containing aqueous semisolution. 

[0051] With respect to the dicarboxylic acid used in method (B), oxalic acid is prefen-ed. 
[0052] With respect to the niobium compound used in method (B), a niobic add is preferred. 
10 [0053] For example, step (0 of method (B) can be perfomied by dissolving a dicartxjxylic acid (such as oxalic add) in 
water to thereby obtain an aqueous solution of dicarboxylic acid, and then mixing a niobium compound (such as a niobic 
acid) ¥vith the aqueous solution of dicarboxylic add at about 50« to about 1 00 •C so that the [dicartxjxylic add/NbJ molar 
ratio is in the range of from akx>ut 1 to about 4. 

[0054] The niobium concentration of the aqueous semisolution obtained by step (i) of method (B) is preferably 
IS selected within the range of from 0.2 to 0.8 mol/kg of the aqueous semisolution. 

[0055] In step (Ii) of method (B), the suspended niobium compound Is removed from the niobium-containing aqueous 
semisolution obtained by step (i), to thereby obtain a niobium-containing aqueous solution. 

[0056] The removal of the suspended niobium compound in step (10 can be perfbrmed. for exanple. by filtration, such 
as suction filtration or filtration under pressure. The amount of the suspended niobium compound removed from the 
20 aqueous semisolution is generally 10 % by weight or less, based on the weight of the niobium compound used instep 
(i) for obtaining the aqueous semisolution. 

[0057] In the niobium-containing aqueous solution obtained by method (B), the molar ratio (a) of the dicart>oxyllc acid 
to the niobium contained in the niobium compound satisfies the relationship: 1 ^ (a) s 4. It is preferred that the molar 
ratio (a) satisfies the relationship: 2 s (a) s 4. more advantageously 2 s (a) ^ 3.5. If desired, a dicartwxylic add or a 
25 niobium compound may be added to the niobium-containing aqueous solution so that the molar ratio (a) falls within the 
above pretended range. As a supplementary niobium compound to be added for adjusting the molar ratio (a), it is pref- 
erable to use a niobic add which has high soliJbility in an aqueous solution of dicart)oxylic acid. As examples of such a 
highly soluble niobic acid, there can be mentioned a niobic acid obtained by step (iv) of the below-described method 
(C) and a niobic acid obtained by step (iv) of ttie below-described metiiod (0). 

30 

Method (C) (addle solution-basic compound method): 

[0058] This method (acidic solution-basic compound method) conprises the steps of: 

35 (i) adding a niobium compound to an aqueous acidic solution to tfiereby obtain a niobium-containing aqueous 
acidic semisolution having suspended therein a part of the niobium compound; 

(II) removing tiie suspended niobium compound from the niobium-containing aqueous acidic semisolution to 
thereby obtain a niobium-containing aqueous acidic solution; 

(lii) adding a basic compound to the niobium-containing aqueous acidic solution to predpitate the niobium in the 
. 40 form of a niobic add; 

(iv) recovering the precipitated niobic acid; cmd 

(v) dissolving the niobic acid in a mixture of water and a dicaftx>xylic acid. 

thereby otnaining a niobium-containing aqueous solution. 

45 [0059] In step (i) of metiiod (C). a niobium compound is added to an aqueous acidic solution to thereby obtain a nio- 
bium-containing aqueous acidic semisolution. 

[0060] Examples of aqueous acidic solutions indude aqueous solutions of oxalic add, tartaric add, acetic acid, hydro- 
chloric acid, hydrofluoric acid, nitric acid, sulfuric add and phosphoric add. Among these aqueous addic solutions, an 
aqueous solution of oxalic acid and an aqueous solution of tartaric acid are preferred. 

so [0061] With respect to the niobium compound used in method (C), a niobic acid is preferred. 

[0062] For example, step (i) of method (C) can be performed by adding a niobium compound (such as a niobic add) 
to an aqueous acidic solution (such as an aqueous solution of oxalic add or tartaric acid) at about 50* to about 100 
in an amount such that the [aqueous acidic solution-derived acid/Mb] rrwlar ratio is in tiie range off from 4 to 8. The 
resultant aqueous addic semisolution has suspended therein only a small part of the niobium compound. 

55 [0063] The niobium concemration of the aqueous acidic semisolution obtained by step (1) of method (C) is preferably 
selected witiiin the range of from 0.2 to 0.8 mol/kg of the aqueous acidic semisolution. 

[0064] In step (ii) of method (C), the suspended niobium compound is removed from tiie niobium-containing aqueous 
acidic sem^ution obtained by step (i) above to thereby obtain a niobium-containing aqueous acidic solution. The 
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removal of the suspended niobium compound in step (ii) can be perlbmned by a conventional method, for example, by 
decantation. filtration or centrifugation. 

[0065] In step (ili) of method (C). a basic compound is added to the niobium-containing aqueous acidic solution 
obtained by step (ii*) to precipitate the niobium in the form of a niobic acid. 
5 [0066] Examples of basic compounds used instep (iii) off method (C) include ammonia, hydroxides of all<ali metals 
and hydroxides of alkaline earth metals. Among these compounds, ammonia is preferred. 

[006^ For example, step (iii) of method (C) can be performed by adding a basic compound (such as ammonia) to the 
aqueous acidic solution obtained by step (ii) above, ¥vhile stining, in an amount such that the pH of the resultant mixture 
is in the range of from 2 to 12. preferably from 5 to 10, to thereby precipitate the niobium in the form of a niobic acid. 
10 [0068] In step (iv) of method (C). the niobic acid precipitated in step (iii) above is recovered. The recovery of the pre- 
cipitated niobic acid can be performed by a conventional method, for example, by decantation, ffltration or centrifuga- 
tion. 

[0069] It is preferred that the recovered nitric acid is thoroughly washed, and then dried. The drying can be per- 
formed in an atmosphere of air. more preferably under a stream of air or in vacuo, at a temperature of from 50*' to 130 
IS *C It is also preferred that the drying of the niobic acid is conducted under conditions wherein the niobic add does not 
experience local heating to any large extent. The resultant dried niobic acid has an Nb content such that, when the dried 
niobic acid is calcined at 500*" to 1.000 ^'C for 30 minutes or more in an atmosphere of air, NbaOs is obtained in an 
amount of 10 to 84 % by weight, preferably 20 to 82 % by weight, based on the weight of the original dried niobic acid 
before calcination. 

20 [0070] In step (v) of method (C). the niobic acid obtained by step Qy/i above is dissolved in a mixture of water and a 
dicartx}xylic add to thereby obtain a niobium-containing aqueous solution of the present invention. 
[0071 ] As the dicart)oxylic acid used instep (v) of method (C). oxalic acid is preferred. 

[0072] In the niobium-containing aqueous solution obtained by method (C), the molar ratio (a) of the dicartx)xyllc acid 
to the niobium contained in the niobium compound satisfies the relationship: 1 s (a) s 4. preferably 2 s (a) ^ 4, more 
25 preferably 2 s (a) s 3.5. 

Method (D) (basic solutton-acidic compound method): 

[0073] This method (l>asic solution-acidic compound method) comprises the steps of: 

30 

(i) adding a niobium compound to an aqueous basic solution to thereby obtain a niobium-containing aqueous basic 
semisolution having suspended therein a part of the niobium compound; 

(ii) removing the suspended niobium compound from the niobium-containing aqueous basic semisolution to 
thereby obtain a niobium-containing aqueous basic solution; 

35 (iii) adding an acidic compound to the niobium-containing aqueous basic solution to precipitate the niobium in the 
form of a niobic add; 

(iv) recovering the precipitated niobic acid; and 

(v) dissolving the niobic acid in a mixture of water and a dicart>oxylic acid, 

thereby ok>taining a niobium-containing aqueous solution. 

40 

[0074] In step (i) of method (C). a niobium compound is added to an aqueous basic solution to thereby obtain a nio- 
bium-containing aqueous basic semisolution. 

[0075] Examples of aqueous basic solutions include aqueous solutions of atoli metal hydroxides and aqueous 
ammonia. Among these aqueous t>asic solutions, an aqueous solution of potassium hydroxide and an aqueous solution 

45 Of sodium hydroxide are prefen'ed. 

[0076] With respect to the niobium compound used in method (D). a niobic acid is preferred. 
[0077] For example, step (0 of method (D) can be performed by charging a niobium compound (such as a niobic add) 
into an autodave together with an aqueous basic solution (such as an aqueous solution of potassium hydroxide or 
sodium hydroxide) and then heating the resultant mixture at 100 **C or more. The resultant aqueous basic semisolution 

so has suspended therein only a small part of the niobium compound. 

[0078] The concentration of the base in the aqueous basic semisolution obtained by step (i) of method (D) can be 
selected within the range of from 1 to 10 mol/kg of the aqueous basic semisolution. The niobium concentration of the 
aqueous basic semisolution obtained by step (i) of method (D) is preferably selected within the range of from 0.2 to 0.8 
mol/kg of the aqueous basic semisolution. 

55 [0079] In step (ii) of metfiod (D), the suspended niobium compound is removed from the niobium-containing aqueous 
basic semisolution obtained by step (i) above to thereby otrtain a niobium-containing aqueous basic solution. The 
removal of the suspended niobium compound in step (ii) can be performed by a conventional method, such as decan- 
tation. filtration or centrifugation. 



11 



EP0895 809A1 



[0080] In step (iii) c/l method (D). an acidic conpound is added to the niobium-containing aqueous basic solution 
obtainefd by step (if) to precipitate the niobium in the fbmi of a niobic add. 

[00811 Examples of addic compounds used instep (iii) of method (D) indude nitric add, hydrochloric acid, sulfuric 
acid, phosphoric add, oxalic acid, tartaric add and acetic acid. Among these acids, nitric acid is preferred. 

5 [0082] For example, step (in) of method (D) can be performed by adding an acidic compound (such as nitric add) to 
the aqueous basic solution obtained by step (it) above, while stinring. in an amount such that the pH of the resultant mix- 
ture is in the range of from 12 to 6. preferably from 10 to 7, to thereby precipitate the niobium in the form of a niobic add. 
[0083] In step (iv) of method (D). the precipitated niobic add formed by step (liQ above is recovered. The recovery of 
the precipitated niobic acid can be performed by a conventional method, for example by decantation. filtration or cen- 

10 trifugation. 

[0084] It is preferred that the recovered niobic acid is thoroughly washed, and then dried. The drying can be per- 
formed in an atmosphere of air, more preferably under a stream of air or in vacua at a temperature of from SO"" to 130 
''C. It is also preferred that the drying of the niobic acid is conducted under conditions wherein the niobic add does not 
experience local heating to any large extent. The resultant dried niobic acid has an Nb content such that, when the dried 
IS niobic add is caldned at 500*" to 1,000 '^C for 30 minutes or more in an atmosphere of air. Nb205 is obtained in an 
amount of 1 0 to 84 % by weight, preferably 20 to 82 % by weight, based on the weight of the original dried niobic acid 
before caldnation. 

[0085] In step (v) of method (D). the niobic acid obtained by step (iv) above is dissolved in a mixture of water and a 
dicartx)Kylic add to thereby obtain a niobium-containing aqueous solution of the present invention. 
so [0086] As the dicarboxylic acid used instep (v) of method (D), oxalic add is prefenred. 

[0087] In the niobium-containing aqueous solution obtained by method (D). the molar ratio (a) of the dicartxsxylic acid 
to the niobium contained in the niobium compound satisfies the relationship: 1 ^ (a) ^ 4. preferably 2 s (a) ^ 4, more 
preferably 2 s (a) ^ 3.5. 

[0088] In another aspect of the present invention, there is provided a niobium-containing oxide catalyst for use in a 
25 catalytic oxidation or ammoxidation of propane or isobutane in the gaseous phase, comprising an oxide of a plurality of 
active component elements including niobium (i.e., a compound oxide). The oxide catalyst of the present invention is 
prepared by a process comprising mixing the niobiunvoontairvng aqueous solution of the present invention with an 
aqueous mixture or aqueous mixtures containing compounds of active component elements of the oxide catalyst other 
than niobium, to thereby provide an aqueous compound mixture, and drying the aqueous compound mixture, followed 
30 by calcination. 

[0089] In tiie present invention, it is prefenred that the oxide catalyst comprises a compound oxide of niobium, molyb- 
denum, vanadium, and at least one element selected from the group consisting of tellurium and antimony 
[0090] With respect to the sources of active component elemerrts other than niobium, there is no particular limitation 
as long as the source contains a desired element. Specifically, it is prefenred that ammoraum heptamolybdate is used 
3S as a source of molytxienum; ammonium metavanadate is used as a source of vanadium; telluric acid is used as a 
source of tellurium; and an antimony oxide is used as a source of antimony 

[0091 ] In addition to tinose active component elements, the oxide catalyst may optionally contain at least one compo- 
nent element selected from the group consisting of the following elements: W. Cr, Ta, Ti. Zr. Hf . Mn, Re. Fe. Ru, Co. Rh, 
Ni. Pd. Pt, Cu. Ag. 2n. B. Al, Qa, In, Ge, Sn, Pb, P. Bi, rare earth elements, and alkaline earth metals. Examples of 
, 40 sources of these elements indude a nif ate, an oxalate, an acetate, a hydroxide, an oxide, an ammonium salt and a car- 
kx)nate of the above-mentioned at least one component element. 

[0092] As a specific example of a composition of the oxide catalyst of the present invention, there can be mentioned 
a conrposition represented by the fdlowing formula: 

45 MOiVaNbbXe?dOn 
wherein: 

X is at least one element selected from the group consisting of Te and Sb; 
so Z is at least one element selected from ttie group consisting of W. Cr. Ta, Ti. Zr. Hf. Mn. Re. Fe. Ru. Co. Rh. Ni. Pd, 

R, Cu, Ag. Zn, B, Al, Ga. In, Ge, Sn. Pb, P, Bi, rare eartii elements, and alkaline earth metals: and 

a. b. c. d and n are. respectively, tiie atomic ratios of vanadium, niobium. X. Z and oxygen, relative to mdytxienum. 

wherein 

0.1 s as 1.0. 
ss preferably 0.2 £ a £ 0.6; 

0.01 sbs 1.0. 

preferably 0.05 s b s 0.5; 

0.01 scsi.O. 
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preferably 0.05 s c s 0.5; 
0 sd€ 1.0. 

preferably 0 s d s 0. 1 , and 

n Is a number determined by the valence requirements of the other elements present. 

[0093] The oxide catalyst of the present Invention may further comprise a cannier having supported thereon the oxide 
of a plurality of active oonponent elements. Examples of can'iers used In the present invention include silica, alumina, 
titania, magnesia and zirconia. Of the atx>ve-mentioned carriers, silica is preferred. When silica is used as a carrier, a 
preferred source of silica is a silica sol. Examples of silica sols include a silica sol stabilized with alkali metal ions and 
a silica sol stabilized with ammonium ions. Of these, the silica sol stat)ilized with amnrK)nium ions is preferred. 
[0094] When the oxide catalyst of the present invention is in a silica-supported form, the oxide catalyst does not suffer 
a lowering of the catalytic activity, differing from the conventional silica-supported oodde catalysts for use in a catalytic 
oxidation or ammoxidation of propane or isobutane in the gaseous phase. 

[0095] The amount of the earner is preferably from 20 to 70 % by weight, more preferably from 20 to 60 % by weight, 
based on the total weight of tiie oxide and the carrier. 

[0096] For producing the oxide catalyst of the present invention, which is supported by a carrier, source of a carrier 
(such as silica) may be added to at least one member selected from the group consisting of the above-defined niobium- 
containing aqueous solution, the above<Jefined aqueous mixture or mixtures containing conpounds of active compo- 
nent elements of the oxide catalyst other than niobium, and the above-defined aqueous compound mixture in the proc- 
ess for producing the oxide catalyst. 

[0097] The oxide catalyst of the present invention can be produced by the above mentioned process using the nio- 
bium-containing aqueous solution of the present invention. More specifically, the oxide catalyst of the present invention 
can be prepared by a process comprising tiie steps of (1) mixing tiie niobium-containing aqueous solution of the 
present invention with an aqueous mixture or aqueous mixtures containing oompounds of active component elements 
of the oxide catalyst other than niobium, to thereby provide an aqueous compound mixture, (2) drying tiie aqueous 
compound mixture obtained in step (1) above to obtain a dried catalyst precursor, and (3) calcining tiie dried catalyst 
precursor obtained in step (2) afc>ove. 

[0098] Hereinbelow, explanation is made with respect to a preferred emtxxjiment of the above-mentioned process for 
producing the oxide catalyst of the present invention, which comprises steps (1). (2) and (3) above. 
[0099] In step (1). an aqueous compound mixture is prepared. First, an aqueous mixture is prepared by dissolving 
ammonium heptamolytxiate. ammorium metavanadate and telluric acid in water (this aqueous mixture is designated 
"aqueous mixture A"). Alternatively, when antimony is used as a component element an aqueous mixture is first pre- 
pared by a method in which an antimony trioxide powder is dispersed in an aqueous solution of ammonium metavana- 
date, thereby otstaining a dispersion, arid the obtained dispersion is heated under reflux conditions to therefc>y obtain a 
solution or slun'y, and then, ammonium heptamolybdate and. optionally, telluric acid are added to the obtained solution 
or sluny to obtain an aqueous mixture (this aqueous mixture is designated "aqueous mixture A"*). 
[01 00] In addition, when the above-mentioned at least one optional element is used as an active component element, 
an aqueous mixture Is prepared by dissolving in water a source (e.g.. a nitrate, an oxalate, an acetate, a hydroxide, an 
oxide, an ammonium salt or a carfc>onate) of tiie at least one optional element (this aqueous mixture is designated 
"aqueous mixture B"}. 

[0101] To aqueous mixture A or A' are successively added tiie niobium-containing aqueous solution of the present 
invention and (optionally) aqueous mixture B in accordance witii the desired composition for the catalyst, to thereby 
obtain an aqueous compound mixture. 

[0102] When the oxide catalyst of the present invention further comprises a silica carrier having supported thereon 
the oxide of a plurality of active components, the aqueous compound mixture further contains a silica sol. The addition 
of a silica sol can be made at any time during the above preparation operation for tiie aqueous compound mixture, 
which comprises preparing aqueous mixture A or A', the niobium-containing aqueous solution of the present invention 
and optionally aqueous mixture B, and mixing tiiese liquids together. 

[0103] The aqueous compound mixture prepared in the above manner can be obtained in the form of a solution, but 
is generally obtained in the form of a slurry. 

[0104] In step (2). the aqueous compound mixture obtained in step (1) above is subjected to spray drying. The spr^ 
drying of the mixture can be generally conducted by centrifugation, two-phase flow nozzle mettiod or high pressure noz- 
zle method to obtain a dried particulate catalyst precursor. In this instance, it is preferred to use air which has been 
heated by an electric heater, steam or tiie like, as a heat source for drying. It is preferred that the temperature of the 
spray dryer at an entrance to the dryer section thereof is from 1 SO"" to 300 ^C. Spray drying can be performed in an alter- 
native handy way. for example, by spraying tiie aqueous compound mixture onto a steel plate which has been heated 
to a temperature of 100** to 300 ''C. 

[0105] In step (3), the dried particulate catalyst precursor obtained in step (2) above is calcined to th reby obtain an 
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oxide catalyst. The dried particulate catalyst precursor is calcined in an atmosphere of an inert gas. such as nitrogen 
gas, argon gas or helium gas, which is substantially free of oxygen, preferably under a stream of an In ft gas, at a tem- 
perature of 500'' to 700 ''C, preferably SSO** to 650 ""C for 0.5 to 20 hours, preferably 1 to 8 hours. 
[0106] For the calcination, a kiln, such as a rotary kiln, a tunnel kiln, a muffle kiln or a fluidized firing kiln can be used. 
5 [0107] Prior to the calcination in step (3), the dried catalyst precursor obtained in step (2) above may be heat-treated 
in an atmosphere of air or under a stream of air at a temperature of 200^ to 400 ""C for 1 to 5 hours. 
[0108] (Meth)a^ic add or (meth)acrylonitrile can be produced by the gaseous phase oxidation or the gaseous 
phase ammoxidation of propane or isobutane in the presence of the niobium-containing oxide catalyst of the present 
invention. 

10 [01 09] The process of the present invention for producing (meth)acrylic acid or (meth)acrylonitrile can be conducted 
in a conventional reactor, such as a fixed-bed reactor, a f luidized-bed reactor or a moving-bed reactor. Of these reac- 
tors, a f luidized-bed reactor is preferred from the viewpoint of ease in removal of the heat generated during the oxidation 
or ammoxidation. The reaction mode employed in the process of the present invention may be either a one-pass mode 
or a recycling mode. 

IS [01 1 0] Propane or isobutane and ammonia used in the process of the present invention need not be of very high purity 
but may be of a commercial grade. 

[0111] Examples of sources of molecular oxygen include air, an oxygen-rich air and pure oxygen. Further, such a 

source of molecular oxygen may be diluted with helium, argon, nitrogen, carbon dioxide, steam or the like. 

[01 1 2] In the present invention, the catalytic oxidation reaction of propane or isobutane in the gaseous phase can be 

20 conducted under the following conditions. The molar ratio of molecular oxygen to propane or isobutane used for the oxi- 
dation is generally in the range of from 1 :0.5 to 1 :10. preferat^ly from 1 :1 to 1:5. The oxidation temperature is generally 
in the range of from 300° to 500 ^'C. preferably from 350'' to 450 ""C. The oxidation pressure is generally in the range of 
from 0.5 to 5 atm.. preferak>ly from 1 to 3 atm. The time of contact (contact time) between the gaseous feedstocks and 
the catalyst is generally in the range of from 0.1 to 10 sec • g/cc, preferably from 0.5 to 5 sec • g/cc. 

25 [01 1 3] In the process of the present invention, the contact time during the catalytic oxidation of propane or isotxjtane 
or during the catalytic ammoxidation of propeme or isobutane is determined according to the following ft>rmula: 



Contact time (sec •g/cc) » 

30 



(W/F) X 

(273 + T) 

wherein: 

' 40 

W represents the weight (g) of the catalyst contained in the reactor; 

F represents the flow rate (Ncc/sec) of the gaseous feedstocks [Ncc means cc as measured under the normal tem- 
perature and pressure conditions (0 ''C, 1 atm)]; antii 
T represents the reaction temperature (*'C). 

45 

[011 4] In the present invention, the catalytic ammoxidation of propane or isobutane in the gaseous phase can be con- 
ducted under the following conditions. The [propane or isobutane : ammonia : molecular oxygen] molar ratio is generally 
in the range of from 1 : 0.3 to 1 .5 : 0.5 to 10, preferaljly from 1 : 0.8 to 1 .2 : 1 to 5. The ammoxidation temperature is 
generally in the range of from 350*" to 500 ''C. preferably from 380"* to 470 ''C. The ammoxidation pressure is generally 
so in the range of from 0.5 to 5 atm.. preferably from 1 to 3 atm. The time of contact (contact time) between the gaseous 
feedstocks and the catalyst is generally in the range of from 0.1 to 10 sec • g/cc. preferably from 0.5 to 5 sec • g/cc. 

Pg$T MODE FQR CARRYING O^^^THE INVENTION 

55 [0115] Hereinbelow, the present invention will be described in more detail with reference to the following Examples 
and Comparative Examples, which should not be construed as limiting the scope of the present invention. 
[0116] In the following Examples and Comparative Examples, an ammoxidation of propane and an oxidation of pro- 
pane w re conducted to produce acrylonitrile and acrylic acid, respectively. 



14 



EP0 895 809A1 



[01 1 7] The results of the ammoxidation were evaluated in terms of the conversion (%) of propane, the selectivity (%) 
for acrylonitrile and the yield (%) of acrylonitrile. which are. respectively, defined as follows: 

Conversion (%) of propane » 

mole of propane reacted 



mole of propane fed 



100 



Seleclilvlliy (%) for acrylonitrile = 

mole of acrylonl-trlle formed 

X 100 

mole of propane reacted 

Yield of acrylonitrile (%) - 

mole of acrylonitrile formed 

X 100 

mole of propane fed 



[0118] The results of the oxidation were evaluated in ternns of the conversion (%) of propane, the selectivity (%) for 
acrylic acid and the yield (%) of acrylic acid, which are. respectively, defined as follows: 

Conversion (%) of propane » 
mole of propane reacted 



mole of propane fed 



100 



Selectivity (%) for acrylic acid « 

mole of acrylic acid formed 

X 100 

mole of propane reacted 

Yield of acrylic acid (%) « 

mole of acrylic acid formed 

X 100 

mole of propane fed 
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Example 1 

(Preparation of a niobium-containing aqueous solution) 

5 [0119] To 170 g of water were acfcled 17,64 g of niobic add (A) (manufactured and sold by SoeKawa Chemical CJo.. 
LW., Japan) (NbaOs content: 76.6 % by weight) and 34.60 g of oxalic acid (H2C2O4 • 2H2O). while stirring at about 60 
^'C. to thereby obtain a niobium-containing aqueous solution (E*1) having an oxalic add/Mb molar ratio of 2.7. 

(Preparation of a niobium-conlaining oxide cataJyst) 

TO 

[0120] A niobium-containing oxide catalyst compri^ng a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of SiOa, based on the total weight of the 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01 Vo.33Nbo.11Teo.22On. was prepared as follows. 
IS [0121] To 720 g of water were added 164.31 g of ammonium heptamolybdate t(NH4)6M07024 • 4H2O], 36.05 g of 
ammonium metavanadate (NH4VO3) and 47.15 g of telluric add (HeTeOe). while stirring at 60 "C, to thereby obtain an 
aqueous solution. 

[0122] To the obtained aqueous solution was added 300 g of a silica sol having a Si02 content of 30 % by weight, 
while stirring, followed by cooling to 30 ""C and subsequent addition of the niobium-containing aqueous solution (E-1). 

20 to thereby obtain an aqueous compound mixture. 

[0123] The obtained aqueous compound mixture was sut)jected to a spray drying by means of a centrifugation type 
spray-drying apparatus under conditions such that the entrance and exit temperatures of the dryer of the spray-drying 
apparatus were 240 ""C and 145 respectivety, to thereby obtain a dried particulate catalyst precursor. 
[0124] The obtained catalyst precursor was heat-treated in the air at 275 ''C for 2 hours to obtain a compound oxide. 

25 85 g Of the obtained compound oxide was charged into a SUS tube (diameter: 1 inch) and caldned at 600 ""C for 2 hours 
under a flow of nitrogen gas at a flow rate of 150 Ncc/min (Ncc means cc as measured under the normal temperature 
and pressure conditions, namely, at 0 ^'C under 1 atm.), to thereby okrtain a silica-supported, niobium-containing oxide 
catalyst 

30 (Ammoxidation of propane) 

[0125] 45 g of the oxide catalyst obtained above was charged into a Vycor glass fluidized-bed reaction tube having 
an Inner diameter of 25 mm. A gaseous mixture having a molar ratio of propane : ammonia : oxygen : helium of 1 : 1 .2 
: 3 : 12 was fed into the reaction tube from the lower portion thereof at a flow rate of 5.83 Ncc/sec. to thereby effect an 
35 ammoxidation of propane to produce acrylon'rtrile. The reaction temperature was 430 ^'C, and the reaction pressure was 
atmospheric pressure. The time of contact (cornact time) between the oxide catalyst and the gaseous mixture of the 
feedstocks was 3.0 sec • g/oc. The results of the ammoxidation are shown in Table 1 , together with the composition of 
the niobium-containing aqueous solution used for producing the catalyst. 

40 gxampigg 

(Preparation of a niobtum-contatning aqueous solution) 

[0126] Preparation of a niobium-containing aqueous solution was performed in substantially tiie same manner as in 
45 Example 1 , except that oxalic acid (H2C2O4 • 2H2O) was used in an amount of 38.45 g. to tiiereby obtain a niobium- 
containing aqueous solution (E-2) having an oxalic add/Nb molar ratio of 3.0. 

(Preparation of a niobium-containing oxide catalyst) 

so [0127] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of SiOa, based on the total weight of the 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On. was prepared in substantially the same manner as In Example 1, except that the niobium- 
containing aqueous solution (E-2) was used instead of the niobium-containing aqueous solution (E-1). 

55 

(Ammoxidation of propane) 

[0128] The ammoxidation of propane was performed in substantially the same manner as in Example 1 . except that 
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the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
ammoxidation of propane are shown in Table 1, together with the composition of the niobium-containing aqueous solu- 
tion used for producing the catalyst. 

5 Example 3 

(Preparation of a niobium-containing aqueous solution) 

[0129] To 160 g of water were added 17.64 g of niobic acid (A) (Nb205 content: 76.6 % by weighQ. 38.45 g of oxalic 
10 acid (H2C204 • 2H20) and 6.9 g of aqueous ammonia (NH3 content: 25 % by weight), while stinring at about 60 to 
thereby obtain a niobium-containing aqueous solution (E-3) having an oxalic acid/Nb molar ratio of 3.0 and an ammo- 
nia/Nb molar ratio of 1 .0. 

(Preparation of a niobium-containing oxide catalyst) 

IS 

[0130] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a conpound oxide, 
wherein the silica can^ier is present in an amount of 30 % by weight in terms of 8162. based on the total weight of the 
compound oxide and the silica canrier. and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On. was prepared in substantially the same manner as in Example 1, except that the niobium- 
20 containing aqueous solution (E-3) was used instead of the niobium-containing aqueous solution (E-1). 

(Ammoxidation of propane) 

[0131] The ammoxidation of propane was performed in substantially the same manner as in Example 1. except that 
25 the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1 . The results of the 
ammoxidation of propane are shown in Table 1 , together with the compcHSition of the niobium-containing aqueous solu- 
tion used for producing the catalyst. 

Comparative Example 1 

30 

(Preparation of a niobium-containing aqueous solution) 

[0132] Preparation of a niobium-containing aqueous solution was performed in substantially the same manner as in 
Example 3. except that water and aqueous ammonia (NH3 content: 25 % by weight) were, respectively, used in 
35 amounts of 150 g and 16.6 g, to thereby obtain a niobium-containing aqueous solution (C-1) having an oxalic acid/Nb 
molar ratio of 3.0 and an ammonia/Nb molar ratio of 2.4. 

(Preparation of a niobium-containing oxide cataly^) 

40 [0133] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica earner is present in an amount of 30 % by weight in terms of Si02. based on the total weight of the 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On. was prepared in substantially the same manner as in Example 1. except that the niobium- 
containing aqueous solution (C-1) was used instead of the niobium-containing aqueous solution (E-1). 

45 

(Anvnoxidation of propane) 

[0134] The ammoxidation of propane was performed in substantially tiie same manner as in Example 1, except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
so ammoxidation are shown in Table 1 . together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

Example 4 

55 (Preparation of a niotxum-contalning aqueous solution) 

[0135] Preparation of a niobium-containing aqueous solution was perfbrmed in substantially the same ntanner as in 
Example 1 , except that water and oxalic acid (H2C2O4 • 2H2O) were, respectively, used in amounts of 160 g and 44.85 
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g. to thereby obtain a niobium-corrtaining aqueous solution (E^) having an oxalic acid/Nb nrx>lar ratio of 3.5. 

(Preparation of a niol»um-containing oxide catalyst) 

5 [0136] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of SiOs. based on the total weight of the 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On. was prepared in substantially the same manner as in Example 1. except that the niobium- 
containing aqueous solution (E-4) was used instead of the niobium-containing aqueous solution (E-1). 

10 

(Ammoxidation of propane) 

[0137] The ammoxidation of propane was performed in substantially the same manner as in Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1 . The results of the 
IS ammoxidation are shown in Table 1 , together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

Examples 

20 (Preparation of a nidnum-containing aqueous solution) 

[0138] Preparation of a niobium-containing aqueous solution was performed in substantially the same manner as in 
Example 4. except that oxalic acid (H2C2O4 • 2H2O) was i^ed in an amount of 51.26 g. to thereby obtain a niobium- 
containing aqueous solution (E-5) having an oxalic acid/Nb molar ratio of 4.0. 

25 

(Preparation off a niobium-containing oodde catalyst) 

[0139] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of Si02, t>a8ed on the total weight of tiie 
30 compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On. was prepared in substantially the same manner as in Example 1, except tt^t the niobium- 
containing aqueous solution (E-5) was used instead off the niobium-containing aqueous solution (E-1). 

(Ammoxidation of propane) 

35 

[0140] The amnnoxidation off prc^Dane was performed in substantially tiie same manner as in Example 1 , except that 
the oxide catalyst prepared above was used instead of tiie oxide catalyst prepared in Example 1. The results of tiie 
ammoxidation are shown in Table 1 . together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

40 

Comparative Example 2 

(Preparation of a niobium-containing aqueous solution) 

4S [0141] Preparation of a niobium-containing aqueous solution was performed in substantially the same manner as in 
Example 1 , except tiiat water and oxalic add (H2C2O4 • H2O) were, respectively, used in amounts of 1 10 g and 96. 11 
g, to theret)y ot>tain a niobium-containing aqueous solution (C-2) having an oxalic acid/Nb molar ratio of 7.5. 

(Preparation off a niobium-containing oxide catalyst) 

so 

[0142] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein ttie silica carrier is present in an amount of 30 % by weight in terms of Si02. based on the total weight of ttie 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo.11Teo.22On, was prepared in substantially the same manner as in Example 1, except that the niobium- 
55 containing aqueous solution (C-2) was used instead of the niobium-containing aqueous solution (E-1). 
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(Ammoxidation of propane) 

[0143] The ammoxidation of propane was performed in substantially the same manner as in Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
ammoxidation are shown in Table 1, together with the composition of the niobiunv^ntaining aqueous solution used for 
producing the catalyst 

Example 6 

(Preparation of a niobium-containing aqueous solution) 

[01441 To 120 g of water were added 12.60 g of niobic add (A) (Nb205 content: 76.6 % by weight) and 27.46 g of 
oxalic acid (H2C2O4 - 2H2O), while stirring at about 60 **C, to theret>y obtain a niobium-containing aqueous solution (E- 
6) having an oxalic acid/Nb molar ratio of 3.0. 

(Preparation of a niobium-containing oxide catalyst) 

[0145] A nioblum-oontaintng oxide catalyst comprising a silica can-ier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 50 % by weight in terms of SiOa. based on the total weight of the 
compound oxide and the silica earner, and wherein the compound oxide is represented by the formula: 
MOiVo.33Nbo.11Teo.22On, was prepared as follows. 

[0146] To 510 g of water were added 117.36 g of amnK)nium heptamolybdate [(NH4)6Mo7024*4H20]. 25.75 g of 
ammonium metavanadate (NH4VO3) and 33.68 g of telluric add (HeTeOe), while stirring at 60 "C, to ther^ obtain an 
aqueous solution. 

[0147] To the obtained aqueous solution was added 500 g of a silica sol having a SiO^ content of 30 % by weight, 
while stirring, followed by cooling to 30 ""C and 8ut>sequent addition of the niobium-containing aqueous solution (E-6). 
to thereby obtain an aqueous compound mixture. 

[0148] The obtained aqueous compound mixture was subjected to spray drying, heat-treatment and calcination in 
substantially the same manner as in Example 1 . to thereby obtain a silica-supported, niobium-containing oxide catalyst. 

(Ammoxidation of propane) 

[0149] The ammoxidation of propane was performed in substantially the same manner as in Exan^le 1 . except that 
tiie oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
ammoxidation are shown in Table 1 , together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

Qompar^tiv^ Exgmpl^ 3 

(Preparation of a niobium-containing aqueous solution) 

[0150] Preparation of a niobium-containing aqueous solution was performed in substantially the same manner as in 
Example 6. except tiiat water and oxalic add (H2C2O4 • 2H2O) were, respectively, used in amounts of 80 g and 68.65 
g, to thereby obtain a niobium-containing aqueous solution (C-3) having an oxalic acid/Mb molar ratio of 7.5. 

(Preparation of a niobium-containing oxide catalyst) 

[0151] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wheran the silica carrier is present in an amount of 50 % by weight in terms of Si02, based on the total weight of the 
compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.33Nbo j1Tao.22On. was prepared in sut>stantially the same manner as in Example 6, except that the niobium- 
containing aqueous solution (C-3) was used instead of the niobium-containing aqueous solution (E-6). 

(Ammoxidation of propane) 

[0152] The ammoxidation of propane was performed in substantially the same manner as in Example 1 , except tiiat 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of tiie 
ammoxidation are shown in Table 1 . together with the composition of the niobium-containing aqueous solution used for 
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producing the catalyst 
Example 7 

(Preparation of a niobium-containing aqueous solution) 

[0153] To 250 g of water were added 25.20 g of niobic add (A) (Nb205 content: 76.6 % by weight) and 45.77 g of 
oxalic acid (H2C2O4 • 2H2O). while stining at about 60 ''C. to thereby obtain a niobium-containing aqueous solution (E- 
7) having an oxalic acid/Nb molar ratio of 2.5. 

(Preparation of a niobium-containing oxide catalyst: M01Vo.33Nbo.11Teo.22On) 

[01 54] To 1 ,030 g of water were added 234.72 g of ammonium heptamolybdate [(NH4)6Mo7024 • 4H2O], 51 .49 g of 
ammonium metavanadate (NH4VO3) and 67.35 g of telluric acid (HgTeOe), while stirring at 60 <*C. to thereby obtain an 
aqueous solution thereof. 

[01 55] The obtained aqueous solution was cooled to 30 ""C, and then, the niobium-containing aqueous solution (E-7) 
was added to the aqueous solution to thereby okitain an aqueous compound mixture. 

[0156] The obtained aqueous compound mixture was subjected to spray drying, heat-treatment and calcination in 
substantially the same manner as in Example 1 . to thereby obtain a niobium-containing oxide catalyst. 

(Ammoxidation of propane) 

[0157] 1 g of the oxide catalyst obtained above was charged into a fixed-bed reaction tube having an inner diameter 
of 10 mm. A gaseous mixture having a [propane : ammonia : oxygen : helium] molar ratio of 1 : 1 .2 : 3 : 1 2 was fed into 
the reaction tube at a flew rate of 0.388 Ncc^sec, to thereby effect an ammoxidatron of propane to produce acrytonitrile. 
The reaction temperature was 430 ^'C, and the reaction pressure was atmospheric pressure. The contact time was 1 .0 
sec • g/oc. The results of the ammoxidation are shown in Table 1 . together with the composition of the niobium-contain- 
ing aqueous solution used for producing the catalyst 

Exampte 8 

(Preparation of a niotxum-containing aeneous solution) 

[0158] To 240 g of water were added 25.20 g of niobic acid (A) (NbaOs content: 76.6 % by weight). 45.77 g of oxalic 
acid (H2C2O4 • 2H2O) and 9.9 g of aqueous ammonia (NH3 content: 25 % by weight), while stimng at about 60 **C, to 
thereby obtain a niobium-containing aqueous solution (E-8) having an oxalic acid/Nb molar ratio of 2.5 and an ammo- 
nia/Nb molar ratio of 1 .0. 

(Preparation of a niobium-containing oxide catalyst: M01Vo.33rMbo.11Teo.22On) 

[0159] Preparation of a niobium-containing oxide catalyst was performed in substantially the same manner as in 
Example 7. except that the niobium-containing aqueous solution (E-8) was used instead of the niobium-containing 
aqueous solution (E-7). 

(Ammoxidation of propane) 

[0160] The ammoxidation of propane was performed in substantially the same manner as in Example 7, except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 7. The results of the 
ammoxidation of propane are shown in Table 1 , together with the composition of the niobium-containing aqueous solu- 
tion used for producing the catalyst. 

Comparative Example 4 

(PrepafErtion of a niobium-containing aqueous solution) 

[0161] Preparation of a niobium-containing aqueous solution was performed in sutsstantially the same manner as in 
Example 7, except that water and oxalic acid (H2C2O4 • 2H2O) were, respectively, used in amounts of 160 g and 137.31 
g. to thereby obtain a niobium-containing aqueous solution (C-4) having an oxalic acid/Nb molar ratio of 7.5. 
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(Preparation of a niobium-containing oxide catalyst: M01Vo.33Nbo.11Teo.22On) 

[0162] A niobium-containing oxide catalyst was prepared in substantially the same manner as in Example 7. except 
that the niobium-containing aqueous solution (C-4) was used instead of th niobium-containing aqueous solution (E-7) . 

5 

(Ammoxidation of propane) 

[0163] The anvnoxidation of propane was performed in substantially the same manner as in Example 7. except that 
the oxide catalyst prepared atxsve was used instead of the oxide catalyst prepared in Example 7. The results of the 
10 ammoxidation of propane are shown in Table 1 . together with the composition of the niobium-containing aqueous solu- 
tion used for producing the catalyst. 

Comparative Examole 5 

IS (Preparation of a niobium-containing aqueous solution) 

[0164] Preparation of a niobium-containing aqueous solution was performed in sut)stantially the same manner as in 
Example 8. except that water and aqueous ammonia (NH3 content: 25 % by weight) were, respectively, used in 
amounts of 110 g and 49.5 g, to thereby obtain a niobium-containing aqueous solution (C-5) having an oxalic add/ISfld 
20 molar ratio of 7.5 and an ammonia/Nb molar ratio of 5.0. 

(Preparation of a niobium-containing oxide catalyst: MoiVo.33Nt)o nTeo.220n) 

[0165] A niobium-containing oxide catalyst was prepared in sut>stantially the same manner as in Example 7, except 
25 that the niobium-containing aqueous solution (C-5) was used instead of the niobium-containing aqueous solution (E-7). 

(Ammoxidation of propane) 

[0166] The ammoxidation of propane was performed in substantially the same manner as in Example 7, except that 
30 the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 7. The results of the 
ammoxidation of propane are shown in Table 1 . togettier with tiie composition of tiie niobium-containing aqueous solu- 
tion used for producing the catalyst. 
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Exarrplg 9 

(Oxidation of propane) 

5 [0167] 2.0 g of the oxide catalyst prepared in Example 7 was charged into a fixed-bed reaction tube having an inner 
diameter of 10 mm. A flow (0.300 Ncc/Bec) of a gaseous mixture having a [propane : oxygen : helium] molar ratio of 1 
: 3.2 : 12.1 and a flow (0.257 Ncc^sec) of steam were combined together and then supplied to the reaction tube at the 
reaction temperature (380 ''C) and under the reaction pressure (atmospheric pressure), to thereby effect an oxidation 
of the propane to produce acrylic acid. The contact time was 1.5 sec*g/cc. The results of the oxidation are shown In 

10 Table 2, together with the composition of the niobium-containing aqueous solution used fbr producing the catalyst 

(Oxidation of propane) 

IS 

[0168] The oxidation of propane was performed in substantially the same manner as in Exanple 9. except that the 
oxide catalyst prepared In Comparalive Example 4 was used instead of the oxide catalyst prepared in Example 7. The 
results of the oxidation are shown in Table 2, together with the composition of the niobium-containing aqueous solution 
used fbr producing the catalyst 

20 

ExOTplQlQ 

(PreparErtion of a niobium-containing aqueous solution) 

25 [0169] To 125 g of water were added 12.76 g of niobic add (A) (Nb^Os content: 76.6 % by weight) and 23.19 g of 
oxalic add (H2C2H4 • 2H2O), while stirring at about 60 <*C, to thereby obtain a niobium-containing aqueous solution (E- 
10) having an oxalic acid/Nb molar ratio of 2.5. 

(Preparation of a niobium-containing oxide catalyst: MoiVo-aaNbo-osSbo ieOn) 

30 

[0170] To 1,150 g Of water was added 57.37 g of ammonium metavanadate (NH4VQ3). while stirring at 60 **C. to 
therek>y obtain an aqueous solution thereof. To the obtained aqueous solution was added 34.66 g of antimony trioxide 
(Sb2Q3) powder, thereby obtaining a dispersion. The obtained dispersion was heated at QS"" to 100 ^'C under reflux con- 
ditions fbr 10 hours while stimng, thereby obtaining a solution. 261.58 g of ammonium heptamolytxiate 
^ [(NH4)6M07024 * 4H2O] was dissolved in the obteiined solution at 60 ""C. and then, cooled to 10 ^'C. theret>y obtaining an 
aqueous solution. 

[01 71 ] To the ok>tained aqueous sdution was added the niobium-containing aqueous solution (E-1 0) to thereby otitain 
an aqueous compound mixture. 

[0172] The obtained aqueous compound mixture was subjected to a spray drying by means of a centrifugation type 
40 spray-drying apparatus under conditions such that the entrance and exit temperatures of the dryer of the spray-drying 
apparatus were 240 <*C and 145 <'C. respectively, to thereby obtain a dried particulate catalyst precursor. 
[0173] The obtained catalyst precursor was heated-treated in the air at 325 .**C for 1 hour to thereby obtain a com- 
pound oxide. 85 g of the obtained compound oxide was charged into a SUS tube (diameter: 1 inch) and calcined at 600 
""C fbr 2 hours under a flow of nitrogen gas at a flow rate of 150 Ncc/imin, to thereby obtain a niobium-oontaining Godde 
45 catalyst. 

(Oxidation of propane) 

[0174] 2.0 g of the oxide catalyst obtained above was charged into a fixed-bed reaction tube having an inner diameter 
so of 10 mm. Aflow (0.225 Ncc/sec) of a gaseous mixture having a [propane : oxygen : helium] molar ratio of 1 : 3.2 : 12.1 
and a flow (0.193 Ncc/sec) of steam were combined together and supplied to the reaction tube at the reaction temper- 
ature (380 ""C) and under the reaction pressure (atmospheric pressure), to thereby effect an oxidation of the propane to 
produce acrylic add. The contact time was 2.0 sec • g/oc. The results of the oxidation are shown in Table 2. together 
with the composition of the niobiunvcontaining aqueous solution used for produdng the catalyst 

55 
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Comparative Example 7 

(Preparation of a niobium-containing aqueous solution) 

[0175] Preparation of a niobium-containing aqueous solution was performed in substantially tti . same manner as in 
Example 10, except that water and oxalic add (H2C2H4 • aHaO) were, respectively, used in amounts of 80 g and 69.55 
g. to thereby otstain a niobium-containing aqueous solution (C-7) having an oxalic acid/IMb molar ratio of 7.5. 

(Preparation of a niobium-containing oxide catalyst: M01Vo.33Nbo.05Sbo.i6On} 

[0176] A niobium-containing oxide catalyst was prepared in substantially the same manner as in Example 10. except 
that the niobium-containing aqueous solution (C-7) was used instead of the niobium-containing aqueous solution (E- 
10). 

(Oxidation of propane) 

[0177] The oxkjation of propane was performed in substantially the same manner as in Example 10, except that the 
oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1 0. The results of the oxida- 
tion are siiown in Table 2. together with the composition of the niobium-containing aqueous solution used for producing 
the catalyst 
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Ex amp le 11 

[Preparation of a niobium-containing aqueous solution by Metiiod (A) (cooling mettiod}] 

10178] To 6,562 g of water were added 664.0 g of niobium add (B) ("NIOBIA HY" manufactured and sold by COM- 
PANHIA BRASILEIRA DE METALURGIA E MINERAQA, Brazil) (NbgOs content: 80 % by weight) and 2.774.0 g of 
oxalic acid (H2C2O4 • 2H2O). and tiie resultant mixture was stirred at 95 for 1 hour, to tiiereby obtain a preliminary 
niobium-containing aqueous solution having an oxalic acid/Nb molar ratio of 5.5. 

[0179] The obtained preliminary niobium-containing aqueous solution was cooled with ice. while stining. to thereby 
precipitate a part of the oxalic add. 

[0180] While maintaining the temperature of the aqueous solution at about 2 ^'C. the precipitated oxalic add in tiie 
solution was removed from the aqueous solution by suction filtration, to thereby obtain a niobium-containing aqueous 
solution (E-1 1) having an oxalic acid/Nb molar ratio of 2.6. The oxalic acid/Nb molar ratio was determined by the follow- 
ing method. 

[0181] First the niobium concentration of the aqueous solution (E-11 ) was determined as follows. A 10 g sample solu- 
tion was accurately taken from the aqueous solution (E-1 1) and charged into a crucible. The sample solution was dried 
overnight at 95 ''C. followed by catdnation at 600 ""C for 1 hour, thereby obtaining 0.625 g of Nb20s> As a result, it was 
found that the niobium concentration of the aqueous solution (E-1 1) was 0.47 mol/kg of flie aqueous sdution. 
[0182] Next, the oxalic acid concentration of the aqueous solution (E-11) was determined as follows. To a 300 ml glass 
t>eaker was added 3 g of the aqueous sdution (E-1 1). followed by addition of 200 ml of water having a temperature of 
about 80 ""C and 10 ml of sulfuric add sdution (volume ratio of concentrated sulfuric add to water = 1 / 1), to thereby 
ot>tain a test solution. 

[0183] The obtained test sdution was subjected to titration using 1/4 N KMn04 solution, while stimng the test sdution 
at 70 ^'C. That is, the titration was conducted in accordance with the following reaction formula: 



2KMn04 + 3H2SO4 + 5H2C2P4 >- 

K2SO4 -I- 2MnS04 IOCO2 ^ 8H2O • 



[0184] An occurrence of a change in tiie color of the test solution in accordance with the progress of titration was 
examined. That Is. the point at which the test solution was caused to assume a very light pink color due to the KMn04 
and from which the test solution continued to have the very light pink color for 30 seconds or more, is defined as an end 
point of the titration. From the amount of 1/4 N KMn04 solution consumed, the oxalic acid concentration of the aqueous 
solution (E-1 1) was calculated using the above reaction formula. As a result, it was found that the oxalic add concen- 
tration of the niobium-containing aqueous sdution was 1.22 mol/kg of the aqueous solution. 

(Preparation of a niodunvcontaining oxide catalyst) 

[0185] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a connpound oxide, 
wherein ttie silica canier is present in an amount of 30 % by weight in terms of Si02, based on the total weight of the 
compound oxide and the silica earner, and wherein the compound oxide is represented by the formula: 
M01Vo.32Nbo.12Teo.22On> was prepared as follows. 

[0186] To 2,300 g of water were added 546.7 g of ammonium heptamolybdate [(NH4)6Mo7024 • 4H2O]. 1 16.3 g of 
ammonium metavanadate (NH4VO3) and 156.9 g of telluric acid (HeTeOs), while stimng at 60 *'C. followed by cooling 
to 30 ^'C. to tiiereby obtain an aqueous solution. To ttie obtained aqueous solution were added 785.0 g of tiie niobium- 
containing aqueous solution (E-1 1) and 1 .000 g of a silica sol having a Si02 content of 30 % by weight, to thereby obtain 
an aqueous compound mixture. 

[0187] The obtained aqueous compound mixture was subjected to spray drying, heat-treatment and caldnation in 
substantially the same manner as In Example 1 . Id tiiereby obtain a silica-supported, niobium-containing oxide catalyst. 

(Ammoxidation of propane) 

[0188] The ammoxidation of propane was performed in substantially tiie same manner as in Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
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ammoKidation are showvn in Table 3, together with the composition of the niobium-oontaining aqueous solution used for 
producing the catalyst 

Example 1g 

5 

[Preparation of a niobium-containing aqueous solution by Method (A) (cooling method)] 

[0189] A part of the niobium-containing aqueous solution (E-11) obtained in Example 11 (having an oxalic acid/Mb 
molar ratio of 2.6) was taken and placed in a beaker. Oxalic add (H2C2O4 *2H20) was added thereto and dissolved 
10 therein while stimng at 60 ^'C. followed by cooling to 30 <*C. to thereby obtain a niobium-containing aqueous solution (E- 
12) having an oxalic acld/Nb molar ratio of 3.0. The niobium concentration of the aqueous solution determined in 
accordance with the method described in Example 1 1 was 0.46 mol/kg of the aqueous solution. 

(Preparation of a niobium-containing oxide catalyst) 

IS 

[0190] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wheran the silica carrier is present in an amount of 30 % by weight in temris of Si02. based on the total weight of the 
compound codde and the silica canier, and wherein the compound oxide is represented by the formula: 
MotVo.32Nbo.12Teo.22On. was prepared in substantially the same manner as in Example 1 1 except that 802.1 g of the 
20 niobium-oontaining aqueous solution (E-12) was used instead of 785.0 g of the niobium-containing aqueous solution 
(E-11). 

(Ammoxidation of propane) 

25 [0191] The ammoxidation of propane was performed In substantially the same manner as in Example 1, except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
anrtmoxidation are shown In Table 3, together with the composition of the niobiun>containing aqueous solution use6 for 
producing the catalyst 

30 Example 13 

[Preparation of a niobium-containing aqueous solution by Method (A) (cooling method)] 

[0192] To 1 ,000 g of water was added 91 7.0 g of niobium hydrogenoxalate [Nb(HC204)5] (manufactured and sold by 
35 Soekawa Chemical Co., Ltd., Japan) (Nb205 content: 14.9 % by weight), and the resultant mixture was stirred at 95 *»C 
for 1 hour, to thereby ot>tain a preliminary niobium-containing aqueous solution. The oxalic acid/Nb molar ratio of the 
aqueous solution was 5.2, as determined in accordance with the method described in Example 11. 
[01 93] The obtained aqueous solution was cooled with ice while stirring, to thereby precipitate a part of the oxalic acid. 
[0194] While maintaining the tenrperature of the aqueous solution at about 2 ''C, the predprtated oxalic acid in the 
40 solution was removed Isy suction f Stration, thereby obtaining a niobium-containing aqueous solution. The niobium con- 
centration and oxalic acid concentration off the cMained aqueous solution were determined in accordance with the 
method described in Example 1 1. As a result, it was found that the niobium concentration and oxalic acid concentration 
of the obtained aqueous solution were 0.66 mol/kg of the aqueous solution and 1.58 mol/kg of the aqueous solution, 
respectively Therefore, the oxalic add/Nb molar ratio of the aqueous solution was 2.4. 
45 [01 95] 559. 1 g of the niobium-containing aqueous solution was placed in a beaker. 220 g of water and 28.0 g of oxalic 
acid (H2C2O4 • 2H2O) were added thereto while stirring at 60 "^C, fdlowed by cooling to 30 <»C. to thereby obtain a nio- 
bium-containing solution (E-13) having an oxalic add/Nb molar ratio of 3.0. 

(Preparation off a niobium-containing oxide catalyst) 

50 

[0196] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica can-ier is present in an amount of 30 % by weight in terms of Si02, based on the total weight of the 
compound oxide and the silica can-ier, and wherein the compound oxide is represented by the formula: 
MoiVo.32Nbo-i2Teo.220,v was prepared in substantially the same manner as in Example 11. except that a whole 
55 amount off the niobium-containing aeneous solution (E-1 3) obtained above was used instead of 785.0 g of the niobium- 
containing aqueous solution (E-11). 
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(Ammoxidation of propane) 

[0197] The ammoxidation of propane was performed in substantially the same manner as In Example 1 , except that 
the oxide catalyst prepared above was used instead of the odde catalyst prepared in Example 1. The results of the 
5 ammoxidation are shown in Table 3, together with the conrposition of the niobiun^^oonta^ning aqueous sdution used for 
producing the catalyst 

Comparative Example 8 

10 (Preparation of a niobium-containing aqueous solution) 

[0198] To 600 g of water were added 61 .3 g of niobic add (B) (Nb205 content: 80 % by weight) and 255.9 g of oxalic 
acid (H2C2O4 • 2H2O), and the resultant mixture was stin-ed at 95 ''C fori hour, to thereby obtain a niobium-containing 
aqueous solution (C-8) having an oxalic add/Nb mdar ratio of 5.5. 

IS 

(Preparation of a niobiunvcontaining oxide catalyst) 

[0199] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica canier is present in an amount of 30 % by weight In temns of SiOg. based on the total weight of the 
20 compound oxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
MO1Vo.32Nbo.12Teo.22On. was prepared in sut5stantia(ly the same manner as in Example 11. except that a whole 
amount of the niobium-containing aqueous solution (C-8) obtained above was used instead of 785.0 g of the niobium- 
containing aqueous sdution (E-1 1). 

25 (Ammoxidation of propane) 

[0200] The ammoxidation of propane was performed In suk)stantially the same manner as In Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
ammoxidation are shown in Table 3, together with the composition of the niobium-containing aqueous solution used for 
30 produdng the catalyst 

Exampte 14 

[Preparation of a niobium-containing aqueous solution by Method (A) (cooling method)] 

35 

[0201 ] To 782 g of water were added 66.4 g of niobic acid (B) (Nb205 content: 80.0 % by weight) and 1 51 .3 g of oxalic 
acid (H2C2O4 • 2H2O). and the resultant mixture was stinred at 95 ""C for 1 hour, to thereby obtain an aqueous semiso- 
lution having an oxalic add/Nb mdar ratio of 3.0. 

[0202] The obtained aqueous semisdution was cooled wrtti ice while stirring, to thereby precipitate a part of the oxalic 
40 add. 

[0203] While maintaining tiie temperature of the aqueous semisdution at about 2 the precipitated oxalic add and 
the suspended niobic acid were removed from the aqueous semisdution by suction filtration, to thereby obtain a nio- 
bium-containing aqueous solution (E-1 4). The niobium concentration arxJ oxalic acid concentration of the obtained 
aqueous sdution (E-14) were determined in accordance with tiie method described in Example 1 1 . As a result, it was 
4s found that the niobium concentiation and oxalic add concentration d the obtained aqueous solution (E-14) were 0.41 
mol/kg of the aqueous sdution and 1.15 vnoUkQ of the aqueous solution, respectively. Therefore, tiie oxalic acid/Nb 
molar ratio of the aqueous sdution (E-14) was 2.8. 

(Preparation of a rtiobium-containing oxide catalyst) 

so 

[0204] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of Si02. based on the total weight of tiie 
conrpound oxide and the silica carrier, and wherein the compound oxide Is represented by tiie formula: 
M01Vo.32Nbo-12Teo.22On. was prepared in substantially the same manner as in Example 1 1 . except that 899.9 g of tiie 
55 niobium-containing aqueous solution (E-14) obtained above was used instead d 785.0 g of the niobium-containing 
aqueous solution (E-1 1). 
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(Ammoxidation of propane) 

[0205] The ammoxidation of propane was performed in substantially the same manner as in Exanple 1. except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
5 ammoxidation are shown in Table 3. together with the oonposition of the niobium-containing aqueous solution used for 
producing the catalyst 

&campie 15 

10 [Preparation of a niotMum-containing aqueous solution by Method (A) (cooling method}] 

[0206] To 4.084 g of water were added 664.0 g of niobic acid (B) (NbaOs content: 80 % by weight) and 252.0 g of 
oxalic add (H2C2O4 • 2H2O). and the resultant mixture was stin-ed at 95 ^'C for 1 hour, to thereby obtain a niobium-con- 
taining aqueous semisolution having an oxalic add/Nb molar ratio of 0.5. 
IS [0207] The obtained aqueous semisolution was cooled with ice while stirring, to thereby precipitate a part of the oxalic 
acid. 

[0208] While maintaining the temperature of the aqueous semisolution at about 2 "C, the precipitated oxalic acid and 
the suspended niobic add were removed from the semisolution by suction filtration, thereby obtaining a niobium-con- 
taining aqueous solution. The niobium concentration and oxalic add concentration of the ot>tained aqueous solution 
20 were determined in accordance with the method described in Example 11. As a result it was found that the niobium 
concentration and oxalic add concentration of the obtained aqueous solution were 0.16 mol/kg of the aqueous solution 
and 0.35 mol/kg of the aqueous solution, respectively Therefore, the oxalic acid/Nb molar ratio of the aqueous solution 
was 2.2. 

[0209] A part of the niobium-containing aqueous solution was taken and placed in a beaker. Oxalic add 
2S (H2C204*2H20) was added thereto and dissolved therein while stirring at 60 <*C. followed by cooling to 30 *'C. to 
thereby obtain a niobium-containing aqueous solution (E-15) having an oxalic add/Nb molar ratio of 3.0. The niobium 
concentration of the niobium-containing aqueous solution (E-15) determined in accordance with the method described 
in Example 1 1 was 0.158 mol/kg of the aqueous solutton. 

30 (Preparation of a niobium-containing oxide catalyst) 

[0210] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 30 % by weight in terms of Si02, based on the total weight of the 
compound oxide and the silk:a carrier, and wherein the compound oxide is represented by the formula: 
35 M01Vo.32Nbo.12Teo.22On. was prepared in substantially the same manner as in Example 1 1 , except that 2335.2 g of the 
niobium-containing aqueous solution (E-15) was used instead of 785.0 g of the niobium-containing aqueous solution 
(E-11). 

(Ammoxidation of propane) 

40 

[0211] The ammoxidation of propane was perlbm^ed In substantially the same manner as in Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 1. The results of the 
ammoxidation are shown in Table 3. together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

45 

Example 16 

[Preparation a niobium-containing aqueous solution by Method (A) (cooling method)] 

50 [0212] Preparation of a niobium-containing aqueous solution was performed In substantially the same manner as in 
Example 12 to thereby obtain a niobium-containing aqueous solution (E-16) having an oxalic add/Nb molar ratio of 3.0. 
The niobium concentration of the aqueous solution as determined in accordance with the method described in Exanple 
1 1 was 0.46 md/l^ of the aqueous solution. 

55 (Preparation of a niobium-containing oxide catalyst) 

[0213] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 50 % by weight in temis of Si02. based on the total weight of the 
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compound Qxide and the silica carrier, and wherein the compound oxide is represented by the formula: 
M01Vo.32Nbo.12Teo.22On. was prepared as follows. 

[0214] To 1,600 g of water were added 390.5 g of ammonium heptamolybdate [(NH4)6M07024 • 4H2O]. 83.1 g of 
ammonium metavanadate (NH4VO3) and 1 12.0 g of telluric acid (HeTeOe). while stining at 60 ^'C. followed by cooling 
to 30 ""C, to thereby obtain an aqueous solution. 572.9 g of the niobium-containing aqueous solution (E-16) and 1.667 
g of a silica sot (having an SIO2 content of 30 % by weight) were added to the aqueous solution while stin-ing. thereby 
obtaining an aqueous compound mixture. 

[0215] The obtained aqueous compound mixture was subjected to spray drying, heat-treatment and calcination in 
substantially the same manner as in Example 1 . to thereby obtain a silica-supported, niobium-containing oxide catalyst. 

(Ammoxidation of propane) 

[0216] The ammoxidation of propane was performed in substantially the same manner as in Example 1 . except that 
the oxide catalyst prepared above was used instead of the oxide catalyst obtained in Example 1. The results of the 
ammoxidation are shown in Table 3. together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst. 

Comparative Example 9 

(Preparation of a niobium-containing aqueous solution) 

[0217] To 440 g of water were added 43.8 g of niobic acid (B) (Nb205 content: 80.0% by weight) and 182.8 g of oxalic 
acid (H2C2O4 • 2H2O). and the resultant mixture was stirred at 95 **C for 1 hour, to thereby obtain a niobium-containing 
aqueous solution (C-9) having an oxalic actd/Nb molar ratio of 5.5. 

(Preparation of a niot»um-containing oxide catalyst) 

[0218] A niobium-containing oxide catalyst comprising a silica carrier having supported thereon a compound oxide, 
wherein the silica carrier is present in an amount of 50 % by weight in terms of Si02, based on the total weight of the 
compound oxide and the silica earner, and wherein the compound oxide is represented by the formula: 
i^OiVo.32Nbo-i2Teo.220n. was prepared in substantially the same manner as in Example 16. except that a whole 
amount of the above-obtained niobium-containing aqueous solution (C-9) was used instead of 572.9 g of the niobium- 
containing aqueous solution (E-16). 

(Ammoxidation of propane) 

[0219] The ammoxidation of propane was performed in substantially the same manner as in Example 1 . except that 
the oxide catalyst pr^red above was used instead of the oxide catalyst prepared in Exanple 1. The results of the 
ammoxidation are shown in Table 3, together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst. 

Example 17 

(Preparation of a niobium-containing oxide catalyst: MoiVo.32Nbo..|2Teo.220n) 

[0220] To 1,650 g of water were added 390.5 g of ammonium heptamolybdate [(NH4)6Mo7024 •4H2O]. 83.1 g of 
ammonium metavanadate (NH4VO3) and 1 12.0 g of telluric acid (HeTeOe), while stirring at 60 'C. followed by cooling 
to 30 ''C, to thereby obtain an aqueous solution. 560.7 g of the niobium-containing aqueous solution (E-11) obtained in 
Example 1 1 was added to the aqueous solution while stirring, to thereby obtain an aqueous compound mixture. 
[0221] The obtained aqueous compound mixture was subjected to spray drying, heat-treatment and calcination in 
substantially the same manner as in Example 1 , to thereby obtain a niobium-containing oxide catalyst. 

(Ammoxidation of propane) 

[0222] The ammoxidation of propane was performed in substantially in the same manner as in Example 7, except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Exanple 7. The results of the 
ammoxidation are shown in Table 3. together with the composition of the niobium>containing aqueous solution used for 
producing the catalyst 
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Example 18 

[Preparation of a niobium-containing aqueous solution by Method (A) (cooling method)] 

s [0223] To 510 g of water was added 195.70 g off oxalic acid (H2C2O4 • 2H2O). while stirring at about 70 *»C. to thereby 
obtain an oxalic add solution. To the obtained oxalic acid solution was added 50.0 g of niobic add (C) (manufactured 
and sdd by Mitsuwakagaku KabushiWkaisha. Japan) (NbgOs content: 75.0 % by weight), and the resultant mixture was 
stirred at about 70 *C for 1 hour, followed by cooling to about 30 **C. to thereby obtain an niobium-containing aqueous 
semisolution having an oxalic acid/Nb molar ratio of 5.5. 

10 [0224] The obtained aqueous semisolution was cooled with ice while stirring, to thereby precipitate a part of the oxalic 
acid. 

10225] While maintaining tiie temperature of the aqueous semisolution at about 2 °C, tiie precipitated oxalic add and 
suspended niobic acid were removed from the aqueous semisolution by suction filtration using a filter paper ("No. 101 
<135 mm^ quantity 100" manufactured and sold by TOYO ROSHI KAISHA Ltd., Japan), to thereby obtain a ntobium-con- 
15 taining aqueous solution (E-1 8). 

[0226] The niobium concentration and the oxalic add concentration of the obtained aqueous solution were deter- 
mined in accordance with the method described in Exanrple 1 1 . As a result, it was found tiiat the niobium concentration 
and the oxalic acid concentration of the obtained aqueous solution were 0.46 moVkQ of the aqueous solution and 1 .21 
mol/kg off the aqueous solution, respectively. Tlierefbre. the oxalic add/Nb molar ratio of tiie aqueous solution was 2.63. 

20 

(Preparation of a niobium-containing oxide catalyst: M01Vo.33Nbo.11Teo.22On) 

[0227] To 80 g of water were added 20.00 g of ammonium heptamolybdate [(NH4)6Mo7024 • 4H2O]. 4.37 g of ammo- 
nium metavanadate (NH4VO3) and 5.72 g of telluric add (HeTeOe). while stirring at 60 •C, followed by cooling to 30 "C. 
25 to thereby obtain an aqueous solution. 

1022B] To the obtained aqueous solution was added 27.09 g of tiie niobium-containing aqueous solution (E-18), while 
stinging for about 30 minutes, thereby obtaining an aqueous compound mixture. 

[0229] The obtained aqueous compound mixture was sprayed onto a Teflon-coated steel plate having a tenperature 
of 140 ''C. to thereby obtain a dried particulate catalyst precursor. 
30 [0230] 3 g of the obtained catalyst precursor was charged into a quartz tube (inner diameter: 20 mm) and caldned at 
600 **C for 2 hours under a stream of nifrogen gas at a f tow rate of 300 Ncc/min, to thereby obtain a niobium-containing 
oxide catalyst. The oxygen concentration of tiie nitrogen gas determined by mesms of a trace oxygen analyzer (Type: 
306WA. manufactured and sold by Teledyne Analytical Instruments, U.S.A.) was 1 ppm. 

35 (Ammoxidation of propane) 

[0231] 0.3 g of tiie catalyst obtained above was charged into a fixed-bed reaction tube having an inner diameter of 4 
mm. A gaseous mixture having a (propane, ammonia, oxygen and helium) molar ratio of 1 : 1.2 : 3 : 14.8 was fed into 
the reaction tube at a fflcw rate of 0. 100 Ncc/sec. to therek^ effect an ammoxidation of propane to produce acrylonitrile. 
40 The reaction temperature was 420 •C, and the reaction pressure was atmospheric pressure. The contact time was 1 .2 
sec • 0/ca The results off tiie ammoxidation are shown in Table 4. together wifli the composition of the niobium-contain- 
ing aqueous solution used for produdng the catalyst 

Exampte 19 

45 

[Preparation of a niobium-containing aqueous sdution by metiiod (B) (insoluble Nb compound removal method)] 

[0232] To 582 g of water was added 96.03 g of oxalic add (H2C2O4 • 2H2O). while stin-ing at about 70 *»C, to thereby 
obtain an oxalic ackl solution. To the obtained oxalic acid solution was added 54.00 g of niobic acid (C) (NbgOs content: 
so 75.0 % by weight), while stinging at about 70 *C for 1 hour, followed by cooling to about 30 *C, thereby obtaining a nio- 
bium-containing aqueous semisolution having suspended tiierein a part of the niobic add. An oxalic add/Nb molar ratio 
of ttie obtained semisolution was 2.50. 

[0233] The obtained aqueous semteolution was sut>iected to suction filtration using a filter paper ("No. 101 <1 35 mm ]t 
quantity 100" manufactured and sold by 7DYO ROSHI KAISHA Ltd.. Japan), to thereby obtain a niobium-containing 
55 aqueous solution (E-19) and a ffiltration residue containing suspended niobic add. The niobium concentration and 
oxalic add concentration of the okrtained aqueous solution were determined in accordance with the method described 
in Example 1 1 . As a result, it was found that the niobium concentration and oxalic acid concentration of the obtained 
aqueous solution were 0.386 md/kg off the aqueous solution and 1.05 mol/kg off the aqueous solution, respectively. 
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Therefore, the oxalic adcVNb molar ratio of the aqueous solution was 2.71 . 

[0234] All of the obtained fiitrat'on residue was added to a crucibte and dried at 120 ''C for 2 hours, followed by calci- 
nation at 850 ""C for 2 hours, thereby obtaining 3.20 g of niobium oxide. As a result, it was found that the weight percent- 
age of the suspended niobic acid was 7.90 % by weight in terms of the amount of Nb205. based on the total weight of 
5 the dissolved niobic acid arui the suspended niot)ic acid, each in terms of the amount of Nb^Os. 

(Preparation of a niobium-containing oxide catalyst: MoiVo.33Mbo.iiTeo-220n) 

[0235] A niobium-containing oxide catalyst was prepared in sut>stantially the same manner as in Example 1 8. except 
10 that 32.31 g of the niobium-containing aqueous solution (E-19) was used instead of 27.09 g of the niobium-containing 
aqueous solution (E-18). 

(Ammoxidation of propane) 

IS [0236] The ammoxidation of propane was performed in substantially the same manner as in Exanple 1 8. except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 18. The results of the 
ammoxidation are shown in Table 4, together with the composition of the niobium-containing aqueous solution used for 
producing the catalyst 

20 
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[Preparation of a niobium-containing aqueous solution by method (C) (acidic solution-basic compound method)] 

5 [0237] To 800 g of water was added 302.14 g of oxalic acid (H2C2O4 * 2H2O). while stirring at about 70 ""C. to thereby 
obtain an aqueous oxalic add solution. To the obtained oxalic acid solution was added 50.0 g of niobic acid (C) (Nb205 
content: 75.0 % by weight), and the resultant solution was stirred at about 70 ''C for 1 hour, followed by cooling to atx)ut 
30 ''C, thereby ot^taining an aqueous acidic semisolution having suspended therein a part of the niobic acid. The oxalic 
acid/Nb molar ratio of the aqueous acidic semisolution was 8.50. 

w [0238] The suspended niobic acid was removed from the aqueous acidic semisolution by suction filtration using a filter 
paper ("No. 101 (135 mm) quantity 100" manufecbired and sold by TOYO ROSHI KAISHA Ltd., Japan), to thereby 
ot>tain a niobium-containing aqueous acidic solution and a filtration residue containing suspended the niobic add thus 
removed. 

[0239] All of the ot)tained filtration residue was placed in a crucible and dried at 120 ""C for 2 hours, followed by Cala- 
is nation at 850 ^"0 for 2 hours in the air. thereby obtaining 0.50 g of a niobium oxide. It was found that the weight percent- 
age of the suspended niobium compound (removed by suction filtration) was 1.33 % by weight in terms of the amount 
of Nb205, based on the total weight of the dissolved niobic add and the suspended niobic acid, each in terms of the 
amount of NbgOs. 

[0240] To the obtained aqueous acidic solution was added aqueous ammonia (NH3 content: 25 % by weight) in an 
20 amount such that the pH of the resultant mixture became 9. to thereby precipitate the niobium in the form of a niobic 
acid. 

[0241 ] The predpitated niobic acid was recovered by suction filtration using a filter paper ("No. 1 01 <\ 35 mm \ quantity 
1 00" manufactured and sold by TOYO ROSHI KAISHA Ltd., Japan). The recovered niobic acid was washed 5 times with 
300 ml of water, and then dried at 70 ''C for 2.5 hours in a vacuum dryer, to therek^y otJtain a dried niobic acid. 
25 [0242] 1 .000 g of the obtained dried niobic acid was placed in a crucible and caldned for 2 hours at 850 ''C in the air, 
to thereby obtain 0.470 g of Nb205. It was found that the Nb205 content of the dried niobic add before caldnation was 
47.0 % by weight. 

[0243] To 24.6 g Of water were added 3.52 g of the obtained niobic add and 4.23 g of oxalic acid (H2C2O4 • 2H2O). 
and the resultant mixture was stirred at about 60 "^C for 1 hour, followed by cooling to about 30 "^C. thereby obtaining a 
30 niobium-containing aqueous solution (E-20) having an oxalic acid/ISK> molar ratio of 2.70. 

(Preparation of a niobium-containing oxide catalyst: MoiVo.33Nbo.iiTeo-220n) 

[0244] A niobium-containing oxide catalyst was prepared in substantially the same manner as in Example 1 8, except 
35 that a whole amount of the niobium-containing aqueous solution (E-20) thus obtained was used instead of 27.09 g of 
the niobium-containing aqueous solution (E-18). 

(Ammoxidation of propane) 

40 [0245] The ammoxidation of propane was performed in substantially the same manner as in Example 1 8, except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 18. The results of the 
ammoxidation are shown in Table 5, together with the composition off the niobium-containing aqueous solution used for 
producing the catalyst 

45 Example 21 

[Preparation of a niobium-containing aqueous solution tsy method (C) (acidic solution-basic compound method)] 

[0246] To 1 .200 g of water was added 392.0 g of tartaric add (H6C4O6). while stirring at atx>ut 80 ''0. to ther^y obtain 
50 an aqueous tartaric acid solution. To the obtained tartaric acid solution was added 50.0 g of niobic add (C) (NbsOs con- 
tent: 75.0 % by weight), and the resultant mixture was stirred at about 80 ''C for 1 hour, followed by cooling to about 30 
^'C. thereby otJtaining an aqueous addic semisolution having suspended therein a part of the niobic add. The tartaric 
acid/Nb molar ratio of the aqueous addic semisolution was 9.26. 

[0247] The suspended niobic acid was removed from the aqueous acidic semisolution by suction filtration using a filter 
55 paper ("No. 101 (135 mm It quantity 100" manufactured and sold by TOYO ROSHI KAISHA Ltd., Japan), to thereby 
obtain a niobium-containing aqueous acidic solution and a filtration residue containing the niobic add thus removed. 
[0248] All of the obtained filtration residue was placed in a crudt)le and dried at 120 ""C for 2 hours, fdlowed by cald- 
nation at 850 **C for 2 hours in the air, theretsy obtaining 1 .60 g of a niobium oxide. It was found that the weight percent- 
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age of the suspended niobic add was (removed by suction f ittralion) 4.27 % by weight in terms of the amount of NbgOs, 
based on the total weight of the dissolved niobic acid and the suspended niok)ic add. each in terms of the amount of 
NbgOg. 

[0249] To the obtained aqueous acidic solution was added aqueous ammonia (NH3 content: 25 % by weight) in an 
5 amount such that the pH of the resultant mixture became 9, to thereby precipitate the niobium in the form of a niobic 
acid. 

[0250] The predpHated niobic acid was recovered by suction filtration using a fitter paper ("No. 101 <1 35 mm \ quantity 
1 00** manufactured and sold by TOYO ROSHI KAISHA Ltd.. Japan). The recovered niobic add was washed 5 times with 
300 ml of water, and then dried at 70 ''C for 2.5 hours in a vacuum dryer, to thereby ot^tain a dried niobic add. 
10 [0251 ] 1 .000 g of the obtained dried niobic acid was placed in a crudble and caldned for 2 hours at 850 "^C in the air, 
to thereby obtain 0.475 g of Nb205. It was found that the Nb205 content of the dried niobic add before caldnation was 
47.5 % by weight. 

[0252] To 24.6 g of water were added 3.48 g of the obtained niobic acid and 4.23 g of oxalic acid (H2C2O4 •2H2O), 
and the resultant mixture was stirred at about 60 ^'C for 1 hour, followed by cooling to about 30 *'C. thereby obtaining a 
IS niobium-containing aqueous solution (E-20) having an oxalic acid/Nb molar ratio of 2.70. 

(Preparation of a niobium-containing oxide catalyst: MOiVo.33Nbo.11Teo.22On) 

[0253] A niobium-containing oxide catalyst was obtained In substantially the same manner as in Example 18, except 
20 that a whole amount of the niobium-containing aqueous solution (E-21) thus ot^talned was used instead 27.09 g of the 
niobium-containing aqueous solution (E-18). 

(Ammoxidation of propane) 

25 [0254] The ammoxidation of propane was performed in sutistantially the same manner as in Example 1 8, except that 
the oxide catalyst prepared atx>ve was used Instead of the oxide catalyst prepared In Example 18. The results of the 
ammoxidation are shown In Table 5, together with the composition of the niobium-containing aqueous solution used for 
produdng the catalyst 

30 Ex^mpl?22 

[Preparation of a niotxum-containing aqueous solution) by method (D) (basic solution-acidic compound method)] 

[0255] into a 1 -liter autoclave having a Teflon Inner lining w^e added 300 g of water. 8.0 g of niobic acid (C) (NbaOs 
35 content: 75.0 % by weight) and 60.0 g of potassium hydroxide (KOH), and after sealing the autoclave, the resultant mix- 
ture was heated at 200 for 15 hours, while stirring. The autoclave was cooled, and then, an aqueous basic sotiIso- 
lution having suspended therein a part of the niobic add was taken from the autoclave. 

[0256] The suspended niobic acid was removed from the aqueous basic semisolution by suction filtration using a filter 
paper ("No. 101 (135 mm) quantity 100** manufactured and sold by TOYO ROSHI KAISHA Ltd., Japan), to thereby 
40 obtain a niobium-containing aqueous k>asic solution and a filtration residue containing the niobic add thus removed. 
[0257] All of the obtained filtration residue was placed In a crudble and dried at 120 ""C for 2 hours, followed by cald- 
nation at 850 **C for 2 hours in the air , thereby obtaining 0.16 g of a niobium oxide. It was found that the weight percent- 
age of the suspended niobic acid (removed by suction filtration) was 2.67 % by weight in ternrrs of the amount of Nb205. 
based on the total weight of the dissolved niobic acid and the suspended niobic acid, each in terms of the amount of 

45 Nb205. 

[0258] To the obtained aqueous basic solution was added concentrated nitric add in an amount such that the pH of 
the resultant mixture became 7. to thereby predpitate the niobium in the form of a niobic add. 
[0259] The predpitated niobic add was recovered by suction filtration using a filter paper ("No. 101 <1 35 mm \ quantity 
100" manufactured and sold by TOYO ROSHI KAISHA Ltd.. Japan). The recovered niobic add was washed 5 times with 
so 300 ml of water, and then dried at 70 ''C for 2.5 hours in a vacuum dryer, to thereby obtain a dried niobic add. 

[0260] 1 .000 g Of the obtained niobic acid was placed in a cructole and calcined for 2 hours at 850 **C in the air, to 
thereby obtain 0.480 g of Nb205. It was found that the Nb205 content of the dried niobic acid before calcination was 
48.0% by weight. 

[0261] To 24.6 g of water were added 3.45 g of the ot^ained niobic acid and 4.24 g of oxalic acid (H2C2O4 • 2H2O), 
55 and the resultant mixture was stirred at about 60 ""C for 1 hour, followed by cooling to about 30 ""C, thereby otitaining a 
niobium-containing aqueous solution (E-22) having an oxalic acid/Nb molar ratio of 2.70. 
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(Preparation of a niobium-containing oxide catalyst: MoiVo.33Nbo.<iiTeo.220n) 

[0262] A niobium-containing oxide catalyst was prepared in sut^stantially the same manner as in Example 18, except 
that a whole amount of the niobium-containing aqueous solution (E-22) was used instead of 27.09 g of the niobium-con- 
taining aqueous solution (E-18). 

(Ammoxidation of propane) 

[0263] The ammcscidation of propane was performed in substantially the same manner as in Example 1 8. except that 
the oxide catalyst prepared above was used instead of the oxide catalyst prepared in Example 18. The results of the 
ammoxidation are shown in Table 5, together with the composition of the niobium-oontaining aqueous solution used for 
producing the catalyst 
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INDUSTRIAL APPLICABILITY 

[0264] By the use of the niobium-containing aqueous solution of the present Invention, it has become possible to pro- 
duce efficiently an oxide catalyst which, when used in a catalytic oxidation or ammoxidation of propane or isobutane In 
5 the gaseous phase, exhibits high catalytic activity. Therefore, by the use of the oxide catalyst produced by using the nio- 
bium-containing aqueous solution of the present invention, (meth)acrylic acid or (meth)acrylonitrile can be produced in 
high yield. Further, even when the oxide catalyst is in a silica-supported form, the oxide catalyst does not suffer a low- 
ering of the catalytic activity, differing from the conventional silica-supported oxide catalysts for use in a catalytic oxida- 
tion or ammoxidation of propane or isok)utane in the gaseous phase. 

10 

Claims 

1. A niobium-containing aqueous solution for use in producing a niobium-containing oxide catalyst, 

wherein said niobium-containing oxide catalyst comprises an oxide of a plurality of active component ele- 

is merits including niobium and is for use in a catalytic oxidation or ammoxidation of propane or isobutane in the gas- 
eous phase, and wherein said niobium-containing oxide catalyst is prepared by a process comprising mixing sad 
niobium-containing aqueous solution with an aqueous nvxture or aqueous mixtures containing compounds of 
active component elements of said oxide catalyst other than niobium, to thereby provide an aqueous compound 
mixture, and drying said aqueous compound mixture, followed by calcination, 

20 said niobium-containing aqueous solution comprising water having dissolved therein a dicarboxylic acid, a 

niobium compound and optionally ammonia, wherein the molar ratio (a) of said dicarboxylic acid to the niobium 
contained in said niobium compound satisfies the following relationship: 1 s (a) ^ 4. and the molar ratio (P) of said 
ammonia to the niobium contained in said niobium compound satisfies the following relationship: 0 s (P) s 2. 

26 2. The niobium-containing aqueous solution according to claim 1 , wherein the molar ratio (a) of said dicartx)xyiic acid 
to the niobium contained in said niobium compound satisfies the following relationship: 2 ^ (a) ^ 4, and the molar 
ratio (p) of said ammonia to the niobium contained in said niobium compound satisfies the following relationship: 0 

S{P)S1. 

30 3. The niobium-containing aqueous solution according to claim 1 or 2. wherein said active component elements of the 
niobium-containing oxide catalyst are niobium, molytxlenum. vanadium, and at least one element selected from the 
group consisting of tellurium and antrnxiny. 

4. The niobium-containing aqueous solution according to any one of claims 1 to 3. which is prepared by a process 
35 comprising: 

(i) mixing water, a dicarboxylic acid and a niobium compound to thereby obtain a preliminary niobium-contain- 
ing aqueous solution or a niobium-containing aqueous semisolution having suspended therein a part of said 
niobium compound; 

40 (ii) cooling said preliminary niobium-containing aqueous solution or niobium-containing aqueous semisolution 

to tiiereby precipitate a part of said dicartxsxylic add; and 

(til) removing the precipitated dicartx)xylic acid from said preliminary niobiunvcontaining aqueous solution, or 
removing the precipitated dicart)Oxylic add and the suspended niobium compound from said niobium-contain- 
ing aqueous semisolution. 
4s thereby obtaining a niobium-containing aqueous solution. 

5. The niobium-containing aqueous solution according to any one of claims 1 to 3. which is prepared by a process 

comprising: 

so (i) mixing water, a dicart)0xylic acid and a niobium compound to thereby obtain a niobium-containing aqueous 

semisolution having suspended therein a part of said niobium compound; and 

(ii) removing the suspended niobium compound from said niobium-containing aqueous semisolution. 

thereby obtaining a niobium-containing aqueous solution. 

55 6. The niobium-containing aqueous solution according to any one of claims 1 to 3. which Is prepared by a process 
comprising: 

(i) adding a niobium compound to an aqueous addic solution to thereby obtain a niobium-containing aqueous 
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acidic semisolution having suspended therein a part of said niobium compound; 

(iO removing the susperxied niobium compound from said niobium-containing aqueous acidic semisolution to 
thereby obtain a niobtum-containing aqueous acidic solution; 

(iii) adding a basic compound to said niobium-containing aqueous acidic solution to precipitate the niobium In 
5 the form of a niobic acid; 

(iv) recovering the predprtated niobic acid; and 

(v) dissolving said niobic add in a mixture of water and a dicarboxylic add. 

thereby obtaining a niobium-containing aqueous solution. 

10 7. The nioblunvcontalnlng aqueous solution according to any one of claims 1 to 3. which is prepared by a process 
comprising: 

(i) adding a niobium compound to an aqueous basic solution to thereby obtain a niobium-containing aqueous 
basic semisolution having suspended therein a part of said niobium compound; 
IS (i>) removing the suspended niobium compound from said niobium-containing aqueous basic semisolution to 

ther^y obtain a niobium-containing aqueous t)asic solution; 

(lii) adding an acidic compound to said niobium-containing aqueous basic solution to predpitate the niobium in 
the form of a niobic acid; 
(iv) recovering the predpitated niobic acid; and 
20 (v) dissolving said niobic add in a mixture of water and a dicart)Qxylic add, 

thereby obtaining a niobium-containing aqueous solution. 

8. The niobium-containing aqueous solution according to any one of claims 4 to 7. wherein said niobium conpound 
is at least one compound selected from the group consisting of a niobic add ar%J niobium hydrogenoxalate, and 

25 said dicartxnyllc add is oxalic acid. 

9. A niobium-containing oxide catalyst for use in a catalytic oxidation or ammoxidation of propane or isobutane in tiie 
gaseous phase, comprising an oxide of a plurality of active component elements including niobium, 

wherein said niobium-containing oxide catalyst is prepared by a process comprising mixing a niobium-con- 
30 taining aqueous solution with an aqueous mixture or aqueous mixtures containing compounds of active component 
elements of said oxide catalyst other than niobium, to thereby provide an aqueous compound mixture, and drying 
said aqueous compound mixture, followed by calcination, 

said niobium-containing aqueous solution comprising water having dissolved therein a dicarboxylic acid, a 
niobium compound and optionally ammonia, wherein the molar ratio (a) of said dicartxsxylic acid to the niobium 
35 contained in sard niobium compound satisfies tiie following relationship: 1 s (a) ^ 4, and the molar ratio (p} of said 
ammonia to the niobium contEuned in said niobium compound satisfies the following relationship: 0 ^ (P) ^ 2. 

10. The oxide catalyst according to daim 9. wherein said active component elements are niobium, mdytxienum. vana- 
dium, and at least one element selected from the group consisting of tellurium and antimony 

40 

11. The oxide catalyst according to claim 9 or 10, which further comprises a silica carrier having supported thereon 
said oxide of a plurality of active component elements, wherein said silica carrier is present in an amount of from 
20 to 70 % by weight based on the total weight of said oxide and said silica carrier. 

45 12. A process for produdng a niobium-containing oxide catalyst for use in a catalytic oxidation or ammoxidation of pro- 
pane or isobutane in the gaseous phase, 

wherein said niobiunn-oontaining oxide catalyst comprises an oxide of a plurality of active corrponent ele- 
ments including niobium, 

said process comprising mixing a niobium-containing aqueous solution with an aqueous mixture or aqueoi^ 
so mixtures containing compounds of active component elements of said oxide catalyst other tiian niobium, to thereby 
provide an aqueous compound mixture, cmd drying said aqueous compound mixture, followed by calcination, 

said niobium-containing aqueous solution comprising water having dissolved therein a dicarboxylic add, a 
niobium compound and optionally ammonia, wherein the molar ratio (a) of said dicartxixylic acid to the niobium 
contained in said niobium compound satisfies the following relationship: 1 ^ (a) ^ 4. and the molar ratio (P) of said 
55 ammonia to the niobium contained in said niot^ium compourxJ satisfies the following relationship: 0 ^ (P) ^ 2. 

13. The process according to daim 1 2. wherein said active component elements are niobium, molytxlenum. vanadium, 
and at least one element selected from the group consisting of tellurium and antimony. 
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14. The process according to claim 12 or 13, wherein said aqueous compound mixture is provided so as to further con- 
tain a silica sol in an amount such that sakJ oxide catalyst further conprises a silica cannier in an amount of from 20 
to 70 % by weight, based on the total amount of said oxide and said silica carrier, said silica carrier having sup- 
ported thereon said oxide of a plurality of active component elements. 

s 

15. A process for producing acrylic add or methacryltc add from propane or isobutane by oxklation in the gaseous 
phase, comprising: 

providing a niobium-containing oxide catalyst comprising an oxide of a plurality of active component elements 
10 including niobium, wherein said niobium-containing oxide catalyst is prepared by a process comprising mixing 

a niobium-containing aqueous solution with an aqueous mixture or aqueous mixtures containing compounds 
of active component elements of said oxide catalyst other than niobium, to thereby provide an aqueous com- 
pound mixture, and drying said aqueous compound mixture, followed by calcination. 

said niobium-containing aqueous solution comprising water having dissolved therein a dicartK>xylic acid, a nio- 
IS bium conpound and optionally ammonia, wherein the molar ratio (a) of said dicarboxylic acid to the niobium 

contained in said niobium compound satisfies the following relationship: 1 s (a) ^ 4. and the molar ratio (P) of 
said ammonia to the niobium contained in saki niobium compound satisfies the following relationshp: 0 s (p) 
£2; and 

reacting propane or isobutane with molecular oxygen in the gaseous phase in the presence of said nioblum- 
20 containing oxide catalyst 

16. A process for producing acrylonitrile or methacrylonitrile from propane or Isobutane by ammoxidation in the gase- 
ous phase, comprising: 

2S providing a niobium-containing oxide catalyst comprising an oxide of a plurality of active component elements 

including niobium, wherein said niobium-containing oxide catalyst is prepared by a process comprising mixing 
a niobium-containing aqueous solution with an aqueous mixture or aqueous mixtures containing compounds 
of active componerrt elements of said oxide catalyst other than niobium, to thereby provide an aqueous com- 
pound mixture, and drying said aqueous compound mixture, followed by calcination. 

30 said niobium-containing aqueous solution comprising water having dissolved therein a dicart)oxylic acid, a rtio- 

bium compound and optionally ammonia, wherein the molar ratio (a) of said dicaitdoxylic acid to the niobium 
contained in said niobium conpound satisfies the following relationship: 1 s (a) s 4, and the molar ratio (p) off 
said ammonia to the niobium contained in said niobium compound satisfies the following relationship: 0 £ (p) 
^2; and 

35 reacting propane or isobutane with ammonia and molecular oxygen in the gaseous phase in the presence of 

said niobium-containing oxide catalyst. 

17. The process according to daim 15 or daim 16. wherein said active component elements of the niobium-containing 
oxide catalyst are niobium, molybdenum, vanadium, and at least one element selected from the group consisting 

40 of tellurium and antimony. 

18. The process according to any of the claims 15 to 17. wherein said niobium*containing oxide catalyst further com- 
prises a silica carrier having supported thereon said oxide of a plurality of active component elements, wherein said 
silica carrier is present In an amount of from 20 to 70 % by weight, based on the total weight of said oxide and said 

45 silica carrier. 
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